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Semiconductor types 

Very often, a large number of 

equivalent semiconductors 

exist with different type 
numbers. For this reason, 

‘abbreviated’ type numbers are 

used in Elektor wherever 

possible: 

© '741' stand for A741, 

LM 741, MC 741, MIC 741, 
RM 741, SN 72741, etc. 

@ 'TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN 
respectively) stand for any 
low frequency silicon 
transistor that meets the 
following specifications: 


UCEO,max 20V 

Ic, max 100 mA 
hfe, min 100 
Ptot, max 100 mW 
fT,min 100 MHz 


Some ‘TUN's are: BC 107, 

BC 108 and BC 109 families; 
2N3B56A, 2N3859, 2N3860, 
2N3947, 2N4124, 
Some ‘TUP's are: BC 177 and 
BC178 families; BC 179 family 
with the possible exception of 
BC 159 and BC 179; 2N2412, 
2N3251, 2N3906, 2N4126, 
2N4291; 





@ ‘DUS’ or ‘DUG’ (Diode 
Universal, Silicon or 
Germanium respectively) 
stands for any diode that 
meets the following 
specifications: 


DUS DUG 
UR,max 25V  20V 
IF,max 100mA 35mA 
IR,max 1A  100pA 


Ptot,max 250 mW 250 mw 
CD,max 5pF  10pF 


Some ‘DUS's are: BA 127, 
BA 217, BA 218, BA 221, 
BA 222, BA 317, BA318, 
BAX 13, BAY 61, 1N914, 
1N4148. 





Some ‘DUG's are: OA 85, 
OA 91, OA95, AA116. 


© ‘BC 1078’, ‘BC 2378’, 
“BC 5478" all refer to the 
same ‘family’ of almost 
identical better-quality 


silicon transistors. In general, 


any other member of the 
same family can be used 
instead. 


BC 107 (-8, -9) families 
BC 107 (-8, -9), BC 147 (- 
BC 207 (-8,-9), BC 237 (- 
BC317(-8,-9), BC347(-8, 3 
9), BC 171 (-2,-3), 
, BC 382 (-3,-4), 
9), BC 414 


) families 

9), BC 157 (-8,-9), 
|, BC 307 (-8, -9), 
2), BC 350 (-1,-2), 
9), BC 251 (-2, -3), 
), BC 512(-3,-4), 
BC 261 (-2,-3), BC 416. 



















Resistor and capacitor values 
When giving component 
values, decimal points and 
large numbers of zeros are 
avoided wherever possible. 
The decimal point is usually 
replaced by one of the 
following abbreviations: 
(pico-) = 10-12 
(nano-) 


(mega-) 
(giga-) 
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A few examples: 
Resistance value 2k 
Resistance value 470: 
Capacitance value 4p7: 4.7 pF, 
or 0.000 000 000 004 7 F 








Capacitance value 10 n: thi 
the international way of writin 
writing 10,000 po or .07 uF, 
since 1 nis 10~ 

1000 pF. 


farads or 


Resistors are % Watt 5% 
carbon types, unless otherwise 
specified. The DC working 
voltage of capacitors (other 


than electrolytics) is normally 


assumed to be at least 60 V. 
As a rule of thumb, a safe 
value is usually approximately 
twice the DC supply voltage. 


Test voltages 
The DC test voltages shown 
are measured with a 20 k2/V 
instrument, unless otherwise 
specified. 


U, not V 
The international letter sym- 
bol ‘U’ for voltage is often 
used instead of the ambiguous 
*V'. ‘Vis normally reserved 
for ‘volts’. For instance: 

Up = 10V, not'Vp = 10 V. 


Mains voltages 

No mains (power line) volt- 
ages are listed in Elektor 
circuits. It is assumed that our 
readers know what voltage is 
standard in their part of the 
world! 

Readers in countries that use 
60 Hz should note that 
Elektor circuits are designed 
for 50 Hz operation. This will 
not normally be a problem; 
however, in cases where the 
mains frequency is used for 
synchronisation some modifi- 
cation may be required. 
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This unit charges a nickel-cadmium battery from 
the mains to provide a standby power supply for 
emergency lighting in the event of a mains fail- 
ure. When the mains supply drops out, the light- 
ing is switched on automatically. 


The circuit of the unit is extremely simple. Trl, 
DI and Cl provide a halfwave rectified and 
smoothed DC supply of approx. 6 V, which is 
used to continuously charge the Ni-Cad battery 
at about 100 mA via R1 and D2. A 2 Ah Ni-Cad 
can safely be charged at this rate. 

The voltage drop across D2 reverse-biases the 
base-emitter junction of T1, so that this transis- 
tor is turned off and the lamps are not lit. When 
the mains supply fails, however, T1 is supplied 


2975 
with base current via R2; the transistor therefore 
turns on and the lamps are lit. As soon as the 
mains supply is restored, T! will turn off, the 
lamps are extinguished and the battery is once 
more charged via R1 and D2. 

The unit can be mounted wherever emergency 
lighting will be required in the event of a power 
failure. An obvious example is in that infamous 
dark cupboard under the stairs, so that, should a 
fuse blow, a replacement can be easily found and 
fitted. 

A transformer with a slightly higher secondary 
voltage can be used, provided that R1 is uprated 
to limit the current through this resistor to 100 
mA. 
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If a number of the outputs of a shift register are 
fed back in a certain fashion via an EXOR gate 
to the data input, then the Q outputs of the regis- 
ter will run through the maximum possible num- 
ber of mutually different logic states. By using 
the Q outputs to drive LEDs a visual represen- 
tation of the truth table for a shift register with 
EXOR feedback is obtained. At each clock pulse 
a logic ‘1’ (LED lights up) or ‘0’ moves up one 
place, so that the net result is a running light. 

In this circuit the Q outputs of the shift register 
(C2), which is seven bits long, are routed via an 
EXOR gate (N1...N4) back to pin 7, the data in- 
put, of the register. The clock signal is provided 





by ICI. The clock frequency, and hence the 
speed of the running light, can be altered by 
means of P1. R4...R17 and T1...T7 are included 
to drive the LEDs. R18, R19, C3 and D8 ensure 
that when the circuit is switched on, a logic ‘1” 
appears at the data input, which means that the 
register output state can never be all zeroes. 

The circuit can be extended for use as a light or- 
gan. The LEDs are replaced by opto-couplers 
which, via the necessary hardware (triac etc.) 
control incandescent lamps. 

A rectified version of the audio signal is fed via 
R3 to the control input of ICI, where it is used to 
modulate the clock frequency of the register and 
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hence the speed of the running light. Capacitor 
C2 may then be omitted. Varying the control 
voltage between 0 and 15 V will result in the 

















clock frequency being varied between 50 and 
150% of the value obtained with the control in- 
put left floating. 
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Phaser 





In contrast to lowpass or highpass filters, the 
gain of an all-pass filter remains constant over 
the range of frequencies at which it is used, but it 
does introduce a frequency-dependent phase 
shift. A number of all-pass filters may be cas- 
caded to produce a phasing unit for use in elec- 
tronic music, The phasing effect is produced by 
phase-shifting a signal and then summing the 
original and phase-shifted versions of the signal. 
Figure 1 shows the basic circuit of a first order 
all-pass filter. The phase-shift is dependent on 
the relative values of R and C and on the input 
frequency. At low frequencies C has a very high 
impedance and the circuit simply functions as an 
inverting amplifier, so the phase-shift is 180°. At 
high frequencies the impedance of C is low and 
the circuit functions as a non-inverting amplifier 
with zero phase-shift. 

The gain of the filter depends on the relative 
values of Ri and R2. In this case Rl and R2 are 





chosen equal so that the gain is unity. The graph 
shows the phase-shift v. frequency curve for the 
filter. 

The complete circuit of a phasing unit using all- 
pass filters is shown in figure 2. Six all-pass filter 
stages are cascaded, so the total phase-shift at 
low frequencies can be up to 1080°! The use of a 
total of ten op-amps in the circuit may seem 
rather excessive, but as eight of these are LM324 
quad op-amps the total package count is only 
four ICs. 

ICla functions as a unity gain input buffer and 
ICIb to IC2c are the six filter stages. The direct 
and phase-shifted signals are summed by IC2d. 
The proportion of phase-shifted signal and 
hence the depth of phasing can be adjusted by » 
means of P4. 

The degree of phase-shift at a particular fre- 
quency can be varied by FETs T1 to T6, which 
function as voltage controlled resistors. By vary- 
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ing the gate voltage the drain-source resistance 
can be increased or decreased, thus altering the 
effective value of ‘R’ in each all-pass filter and 
hence varying the phase-shift. This may be con- 
trolled either manually by means of P3 or may 
be swept up and down automatically by the out- 
put of the triangular wave generator consisting 
of 1C3 and IC4. As the gate voltage of the FETs 
must always be negative the output of this oscil- 
lator swings between - 2and —6 V. 

‘The oscillator frequency may be varied by means 
of PI, and the best phasing effect occurs at fre- 
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quencies between 0.5 Hz and 1 Hz. At higher 
frequencies (around 4 Hz) the phasing effect is 
lost but a vibrato effect is obtained instead. 












































3 
} 
} 








SS ee en a 





1 ee 











Car battery monitor 

















D1: green 














In the winter months, when starting is difficult 
and headlamps must frequently be used, it is all 
too easy for a car battery to be discharged to a 
dangerously low level, especially if no long jour- 
neys are undertaken. Hence this circuit, which 
provides continuous monitoring of the state of 
the battery, should prove extremely useful. The 
unit will indicate if the battery is discharged, 
o.k, or overcharged. 

‘The circuit is based on the Siemens IC type TCA. 
965. This IC is a complete window comparator, 
which will indicate whether the input voltage lies 
between two preset reference voltages, is below 
the low reference voltage or above the high refer- 
ence voltage. These three conditions are indi- 
cated by three LEDs, which are driven directly 
by the IC. The IC also has a reference voltage 
output, which can be used to derive the upper 
and lower thresholds of the ‘window’. 

The circuit is powered from the 12 V car battery, 
and the battery voltage is also fed, via potential 
divider R1/R2, to the monitoring input of the 
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IC. The reference voltage output is fed to the 
two threshold inputs via presets P1 and P2, 
which are used to calibrate the circuit. 

The lowest acceptable voltage for a 12 V car bat- 
tery is about 11.5 V, and P1 is adjusted so that 
DI lights when the input falls below this voltage. 
If the battery voltage rises above 14.5 V it is 
overcharged, which indicates that the car voltage 
regulator is at fault. P2 is therefore adjusted so 
that D3 is lit for input voltages above 14.5 V. 
Between 11,5 V and 14.5 V the green LED 
should light, indicating that the condition of the 
battery is satisfactory. : 
It will be noticed that the LEDs do not light and 
extinguish at exactly the same voltage. This is 
due to a hysteresis of 66 mV which is incorpor- 
ated into the IC to prevent the LEDs flickering 
when the battery voltage is close to the threshold 
levels. 


Siemens Application Note 





§) 


TAP-tip 





Many circuits for TAPs (Touch Activated Pro- 
gramme switches) have previously been pub- 
lished. However, all of these required the use of 
two pairs of touch contacts, one to set the TAP 
to the ‘on’ position and one to reset it to the ‘off” 
position. The novel feature of this circuit is that 
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it requires only one touch contact. Touching the 
contact once sets the TAP; touching it a second 
time resets the TAP. 

N1 and N2 form a flip-flop (bistable multivibra- 
tor). Assume that initially the output of N2 is 
low. The inputs of N1 are also pulled low via R2, 
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so the output of N1 is high. The inputs of N2 are 
thus high, which satisfies the criterion for the 
output to be low, which was the original assump- 
tion. Cl is charged to logic high through R3 
from the high output of NI. If the touch con- 
tacts are now bridged by a finger, the logic high 
on C1 will be applied to the inputs of N1 through 
R1 and the skin resistance, The output of NI will 


go low, so the output of N2 will go high, holding 
the inputs of NI high even if the finger is re- 
moved. The TAP is now set. 

Once the finger is removed, C1 will discharge 
through R3 into the low output of NI. If the 
touch contacts are subsequently bridged, the in- 
puts of NI will be pulled low by Cl (since it is 
now discharged). The output of N1 will thus go 
high and the output of N2 low, which will hold 
the inputs of NI low even after the finger has 
been removed. The TAP is now reset to its orig- 
inal state. C1 will charge to logic high through 
R3 from the output of N1, ready for the contact 
to be touched again. 

The only constraint on the operation of the cir- 
cuit is that the interval between successive oper- 
ations of the switch must be at least half a sec- 
ond to allow C1 time to charge and discharge. 
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CMOS function generator 





Using only one inexpensive CMOS IC and a 
handful of discrete components, it is possible to 
build a versatile function generator that will pro- 
vide a choice of three waveforms over the entire 
audio spectrum and beyond, 


The aim of this project was to produce a simple, 
cost-effective, general purpose audio generator, 
which was easy to build and use. This aim has 
certainly been achieved, since the circuit offers a 
choice of sine, square and triangle waveforms 
and a frequency range from about 12 Hz to 70 








kHz, yet uses only one CMOS hex inverter IC 
and a few discrete components. Of course, the 
design does not offer the performance of more 
sophisticated circuits, particularly as regards 
waveform quality at higher frequencies, but it is 
nonetheless an extremely useful instrument for 
audio work. 


Block diagram 

Figure | illustrates the operating principles of the 
circuit. The heart of the generator is a 
triangle/squarewave generator consisting of an 
integrator and a Schmitt trigger. When the out- 
put of the Schmitt trigger is high, the voltage fed 
back from the Schmitt output to the input of the 
integrator causes the integrator output to ramp 
negative until it reaches the lower trigger thres- 
hold of the Schmitt trigger. At this point the out- 
put of the Schmitt trigger goes low, and the low 
voltage fed back to the integrator input causes it 
to ramp positive until the upper trigger threshold 
of the Schmitt trigger is reached. The output of 
the Schmitt trigger again goes high, and the inte- 
grator output ramps negative.again, and so on. 
The positive- and negative-going sweeps of the 
integrator output make up a triangular wave- 
form, whose amplitude is determined by the 
hysteresis of the Schmitt trigger (i.e. the differ- 
ence between the upper and lower trigger thres- 
holds). The output of the Schmitt trigger is, of | 


—— 












Scheie. 





diode 
converter 


course a square wave consisting of alternate high 
and low output states. 

The triangle output is fed through a buffer 
amplifier to a diode shaper, which ‘rounds off” 
the peaks and troughs of the triangle to produce 
an approximation to a sinewave signal. 

Any one of the three waveforms may then be 
selected by a three-position switch and fed to an 
output buffer amplifier. The frequency of all 
three signals is varied by altering the integrator 
time constant, which changes the rate at which 
the integrator ramps, and hence the signal fre- 
quency. 


Complete circuit 

The practical circuit of the CMOS function gen- 
erator is given in figure 2. The integrator is based 
ona CMOS inverter, N1, whilst the Schmitt trig- 
ger uses two inverters with positive feedback, N2 
and N3. 

The circuit functions as follows; assuming, for 
the moment, that the wiper of P2 is at its lowest 
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position, when the output of N3 is high a current 

Up = Ur 

P} +R 
flows through RI and P1, where Up is the supply 
voltage and U, is the threshold voltage of NI. 
Since this current cannot flow into the high im- 
pedance input of the inverter, it all flows into C1 
or C2 (depending on which is selected by S1). 
The voltage drop across Cl thus increases lin- 
early, so the output voltage of NI falls linearly 
until the lower threshold yoltage of the Schmitt 
trigger is reached, when the output of the 
Schmitt trigger goes low. A current 


=U; 
P} +R, 


now flows through R1 and P1., This current also 
flows into Cl, so the output voltage of N1 rises 
linearly until the upper threshold voltage of the 
Schmitt trigger is reached, when the output of 
the Schmitt trigger goes high and the whole cycle 
repeats. 

To ensure symmetry of the triangle waveform 
(i.e. the same slope on both positive-going and 
negative-going portions of the waveform) the 
charge and discharge currents of the capacitor 
must be equal, which means that Up — U; must 
equal U;. Unfortunately U; is determined by the 
characteristics of the CMOS inverter and is typi- 
cally 55% of supply voltage, so Up — Uy is about 
2.7 V with a 6 V supply and U, is about 3.3 V. 
This difficulty is overcome by means of P2, 
which allows symmetry adjustment. Assume for 
the moment that R — is connected to the positive 
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Figure 1. Block diagram of the CMOS func- 
tion generator. 


Figure 2. Complete circuit of the function 
generator. 


Photos. The three output waveforms pro- 
duced by the function generator. 


Ha ae 
Beare 


Ll 
Wai Ba a 
i a 








supply rail (position A). Whatever the setting of 
P2, the high output voltage of the Schmitt trigger 
is always Up. However, when the output of N3 is 
low, R4 and P2 form a potential divider so that a 
voltage from 0 V to 3 V can be fed back to Pl, 
depending on the wiper setting of P2. This means 
that the voltage across R1 and P1 is no longer 
—U; but Up, —U;. If the slider voltage of P2 is 
about 0.6 V then Up, —U, will be around —2.7 
V, so the charge and discharge currents will be 
the same. Of course, the adjustment of P2 must 
be carried out to suit each individual function 
generator, owing to the tolerance in the value of 
Uy. In cases where U, is less than 50% of the 
supply voltage, it will be necessary to connect the 
top of R4to ground (position B). 

Two frequency ranges are provided, which are 
selected by means of S1; 12 Hz-1 kHz and 1 kHz 
to about 70 kHz. Fine frequency control is pro- 
vided by P1 which varies the charge and dis- 
charge current of Cl or C2 and hence the rate at 
which the integrator ramps up and down. 

The squarewave output from N3 is taken via a 
waveform selector switch, S2, to a buffer ampli- 
fier, which consists of two inverters (connected 
in. parallel to boost their output current capa- 
bility) biased as a linear amplifier. The triangle 
output is taken through a buffer amplifier N4, 
and thence through the selector switch to the out- 
put buffer amplifier. 

The triangle output from N4 is also taken to the 
sine shaper, which consists of R9, R11, C3, D1 
and D2. Up to about plus or minus 0.5 volts D1 
and D2 draw little current, but above this voltage 
their dynamic resistance falls and they limit the 
peaks and troughs of the triangle signal logarith- 
mically to produce an approximation to a sine- 
wave. The sine output is fed via C5 and R10 to 
the output amplifier. 

Sine purity is adjusted by P4, which varies the 
gain of N4 and thus the amplitude of the triangle 
signal fed to the sine shaper. Too low a signal 
level, and the triangle amplitude will be below 
the diode threshold voltage, so that it will pass 
without alteration; too high a signal level, and 
the peaks and troughs will be clipped severely, 
thus not giving a good sine wave. 

The input resistors to the output buffer amplifier 
are chosen so that all three waveforms have a 
peak to peak output voltage of about 1.2 V maxi- 
mum. The output level can be adjusted by P3. 


Adjustment procedure 
The adjustment procedure consists simply of ad- 
justing the triangle symmetry and sine purity. 
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Triangle symmetry is actually best adjusted by 
observing the squarewave signal, since a sym- 
metrical triangle is obtained when the square- 
wave duty-cycle is 50% (1-1 mark-space ratio). 
P2 is adjusted to achieve this. In cases where the 
symmetry improves as the wiper of P2 is turned 
down towards the output of N3 but exact sym- 
metry cannot be obtained, the top of R4 should 
be connected in the alternative position. 

Sine purity is adjusted by varying P4 until the 
waveform ‘looks right’ or by adjusting for mini- 
mum distortion if a distortion meter is available. 
Since the supply voltage alters the output voltage 
of the various waveforms, and hence the sine pu- 
rity, the circuit should be operated from a stable 


6 V supply. If batteries are used they should 
never be allowed to run down too far. 

CMOS ICs used as linear circuits draw more cur- 
rent than when used in the normal switching 
mode, and the supply voltage should not be 
greater than 6 V, otherwise the IC may overheat 
due to excessive power dissipation. 


Performance 

The quality of the waveforms can be judged 
from the oscilloscope photographs. In all three 
cases the vertical sensitivity is 500 mV/div and 
the timebase speed 200}! s/div. 





Zener tester 





This simple tester provides a reliable means of 
measuring zener voltages and of plotting the 
variation of zener voltage with zener current. 


In many cases the breakdown voltage of a zener 
diode is printed, fairly clearly, on the case. For 
example, the type number of the zener family is 
often printed, together with the zener voltage, so 
a BZY88 6V8 would be a 6.8 V zener from the 
BZY88 family. Unfortunately, some manufac- 
turers merely print an indecipherable code, 
which has to be looked up in the relevant data 
book in erder to find the zener parameters. Fur- 
thermore, there is sometimes a requirement for 
testing ‘job lots’ of unmarked devices, or com- 
ponents that have been lying in the junkbox and 
have had their markings rubbed off. In all these 
cases a zener tester can prove a useful addition to 
the ‘lab’ test equipment. 

The reverse characteristic of a zener diode is il- 
lustrated in figure 1. At voltages below the zener 
voltage the device draws very little current. Once 
the breakdown voltage is reached any further in- 
crease in voltage will produce a large increase in 
current, i.e. above its breakdown voltage the 
zener diode behaves as a more or less constant 
voltage device. However, since the zener diode 
possesses a finite internal resistance (known as 
the dynamic resistance), the zener voltage will 
vary slightly with current, due to the voltage 
dropped across this internal resistance. Because 
of this, manufacturers always quote zener volt- 
age at a certain current (usually between 5 and 10 





mA). 

It is, of course, possible to test a zener diode 
using a battery, series resistor and a multimeter 
to measure the zener voltage. However, the cur- 
rent flowing through the zener will be deter- 
mined by the value of the resistor and the differ- 
ence between the battery voltage and the zener 
voltage, and will obviously be less for high- 
voltage zeners than for low-voltage zeners. This 
can lead to errors in the measurement. 

The zener tester described in this article feeds a 
known, constant current through the zener. Fur- 
thermore, a choice of seven different zener cur- 
rents is provided, which allows the zener voltage 
to be plotted against current. 

The circuit of the zener tester, which contains 
only nine components, is given in figure 2. Tl 
and T2 function as a voltage regulator. TJ re- 
ceives a bias voltage from the supply via R4 and 
draws current from the supply through the zener 
under test. However, if the emitter voltage 
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Figure 1. Voltage versus current charact 
istic of a zener diode. Even when the brea! 
down voltage has been reached, the zener 
voltage varies slightly with current. 











Figure 2. Circuit of the zener tester. Pré 
Ing S1, S2 or S3 in various combinations 
feeds a choice of in different constant 
currents through the zener and the zener 
voltage Is measured with a multimeter. 





Figure 3. A voltage versus current curve for 
the zener may be plotted, from which the 
dynamic resistance may be found. 


Table 1. The theoretical currents for the 
various combinations of Si, S2 and S3. 
These may vary in practice by 10%, due to 
component tolerances. 





should try to rise above the 0.6 V base emitter 
knee voltage of T2, then T2 will draw more cur- 
rent, pulling down the base voltage of Tl and 
thus reducing the emitter voltage. Should the 
emitter voltage of T1 tend to fall below the base- 
emitter voltage of T2, then T2 will draw less cur- 
rent, the collector voltage will rise, and with it 
the emitter voltage of T1. This negative feedback 
system means that a constant voltage of approxi- 
mately 0.6 V appears at the emitter of T1. 

If one or more of the switches S1 to S3 is closed, 


then acurrent r= = (A, V, @ ) will flow 


through one or more of the resistors RI-R3. (‘R? 
is R1, R2, R3 or the parallel connection of two 
or more of these). This current will also flow 
through T1 and the zener. The zener voltage can 
then be measured by connecting a multimeter 
across it as shown. This should have a fairly high 
resistance (20,000 Q /V or higher), so that it 
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‘does not ‘rob’ too much current from the zener. 
By pressing one or more switches in different 
combinations a total of seven different zener 
currents can be obtained. 
The zener currents for different combinations of 
the switches are shown in table 1. However, it 
should be noted that the actual currents obtained 
may vary by 10% from these figures, due to re- 
sistor tolerances and the temperature coefficient 
of T2. 
The values of zener voltage obtained for differ- 
ent zener currents may be plotted on a graph of 
zener voltage versus zener current, as shown in 
figure 3. The dynamic resistance of the zener can 
then be calculated by dividing an increment in 
voltage, A U, by the corresponding increment in 
current, A I, i.e. 
au 
AI 
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Switch Up lo 


Si 25V 222mA 
S2 25V 6 mA 
S3 25V 22.2 mA 
Si + S2 25 V 8.2mA 
S1+S3 25V 24.4 mA 
$2 +S3 25V 28.2 mA 
S1+S2+S3 25V 30 mA 


With the supply voltage shown, the maximum 
voltage that can appear between positive supply 
and the collector of T1 without T1 saturating is 


aes 


This simple circuit allows up to four DC voltages 
to be measured or compared by displaying them 
side by side on an oscilloscope. 


There is frequently a need, when experimenting 
with circuits, to measure or compare several DC 
voltages at test points etc. Since most readers are 
unlikely to possess more than one multimeter 
this can be rather tedious. Using this simple cir- 
cuit, up to four voltages can be compared or 
measured on any oscilloscope that has a DC in- 








about 23 V. The maximum zener voltage that 
can be measured is thus about 22 V. The circuit 
may be modified to test higher voltage zeners by 
using a higher voltage transistor for T1, but care 
will have to be taken not to exceed the dissi- 
pation of T1 or the zener on the higher current 
ranges. 

As the zener current is determined exclusively by 
the base-emitter voltage of T2 and R1 to R3, a 
stabilised supply voltage is not necessary, and an 
18 V/50 mA transformer, 30 V/50 mA bridge 
rectifier and 470 ¥ /35 V capacitor will make a 
perfectly adequate unstabilised supply. 


Voltage comparison on 
a ’scope 


put and an external trigger socket. The circuit 
uses only three ICs, five resistors and a capaci- 
tor. 

The complete circuit of the voltage comparator 
is given in figure 1, The four voltages to be meas- 
ured are fed to the four inputs of a quad ana- 
logue switch IC, the outputs of which are linked 
and fed to the Y input of the ’scope. NI to N3 
and associated components form an astable 
multivibrator, which clocks counter IC3. This is 
a decade counter connected as a 0 to 3 counter 
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Figure 1. The circuit diagram of the voltage 
comparator. 


Figure 2. An example of 4 random voltage 


levels displayed simultaneously on the 
"scope. 
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by feedback from output 4 to the reset input. 
Outputs 0 to 3 of the counter go high in turn, 
thus ‘closing’ each of the analogue switches in 
turn and feeding the input voltages to the ’scope 
in sequence. 

Output 0 of the counter feeds a trigger pulse to 
the 'scope once every four clock pulses, so that 
for every cycle of the counter the ’scope trace 


makes one sweep of the screen. A positive-going 
trigger pulse is available via R4, or a negative- 
going trigger pulse is available from the output 
of N4 via RS, The resulting display is shown in 
figure 2, four different input voltages being fed 
to the inputs in this case. The oscilloscope time- 
base speed should be adjusted so that the display 
of the four voltage levels just occupies the whole 
screen width. 

The supply voltage + Up may be from 3 to 15 V, 
but it must be noted thatthe input voltage 
should be positive with respect to the 0 V rail and 
not greater than +Up. If voltages greater than 
this are to be measured then potential dividers 
must be used on the four inputs. 


Setting up 

To calibrate the circuit, simply feed a known 
voltage into one input and adjust the Y sensi- 
tivity of the "scope to give a convenient deflec- 
tion (for example one graticule division per volt 
input). The unknown voltages may then be fed 
in and compared against each other and against 
the calibration. 

The circuit can easily be extended to eight inputs 
by adding an extra 4066 IC and connecting IC3 
as a 0 to 7 counter (reset connected to output 8, 
pin 9). 


H.Spenn 
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Real load resistors 





, When measuring and comparing the output 
powers of audio amplifiers (especially at the high 
end of the audio spectrum) it is useful to have 
available a ‘real’ load resistor, i.e. one which is a 
pure resistance with no parasitic inductance or 
capacitance. Carbon film resistors have a low 
self-inductance, but unfortunately are not 
commonly available in the high power ratings re- 
quired for amplifier testing. The highest rating 
normally available in a carbon film resistor is 2 
watts, so a load resistor for testing a 100 W 
amplifier would need to be made up of 50 such 
resistors in series/parallel combinations! 
Wirewound resistors are available with high 
power ratings, but unfortunately such resistors 
are rarely wound so as to minimise self- 
inductance. A typical high-power wirewound re- 
sistor consists of a single layer of resistance wire 
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sr 
wound helically on a cylindrical ceramic tube. 
This type of resistor has quite a high self- 
inductance, but since the usual applications of 
high-power wirewound resistors are DC or low- 
frequency AC this is not important. 

For use as an amplifier load resistor some means 
must be found of reducing the inductance of a 
wirewound resistor. This can be achieved by pro- 
viding the resistor with a centre tap and connec- 
ting it as shown in figure 1. Current flows in op- 
posite directions in each half of the resistor, so 
the magnetic fields produced in each half (and 
hence the self-inductances) tend to cancel out. If 








the original resistor has a value R then the con- 
nection shown has a resistance R/4 since it con- 
sists of two R/2 sections in parallel. 

Resistors already provided with taps, such as 
television H.T. dropper resistors, are suitable 
for this application. Presettable resistors may 
also be used. These consist of an exposed wire el- 
ement wound on a ceramic former, and are pro- 
vided with contact clips that may be fixed any- 


* see text 


Test 


IC1...1C3 =LM301A 
5,,,.07 = DUS 
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This logic tester can be used with both TTL and 
CMOS circuits as well as other logic families 
which exhibit similar characteristics. In addition 
to providing the usual logic 0 and logic 1 indi- 
cations it will also indicate an undefined logic 
level and open circuit connections. 


In TTL circuits a voltage less than 0.8 V is defi- 
ned as logic 0 or ‘low’, and a voltage greater 
than 2 V is defined as logic 1 or ‘high’. A voltage 
between these two is referred to as an undefined 
logic level. CMOS logic is capable of operating 
over a much wider supply range than TTL, typi- 
cally 3 - 18 V. The logic levels for CMOS are not 
defined as absolute voltages but as percentages 
of supply voltage. A high logic level is defined as 
greater than 60% of supply voltage, and a low 
level is defined as less than 40% of supply volt- 
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where along the length of the element. 1 kW 
electric fire (heating) elements (which have a re- 
sistance of around 60 ) may also be used. 

In order to obtain a load resistor of the desired 
resistance and wattage rating, several wirewound 
resistors may be connected in series/parallel 
combinations in the normal way, provided each 
one is first connected as shown to minimise its 
inductance. 


Universal logic tester 








Figure 1. Basic circult of the logic t 
which can detect high, low and undefined 
logic levels, and open-circuits. 








Figure 2. A ‘pulse stretcher’ monostable. 
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age. Levels between these limits are undefined. 
A logic probe must be capable of distinguishing 
between low, high and undefined logic levels. 
There is alsoithe possibility that an open-circuit 
may be encountered when using a logic tester. 
This could be due to the test probe not making 
good contact; or due to a circuit fault. Also, 
sometimes pins are intentionally not connected 
to anything (known as NC or No Connection in 
manufacturers’ data). A logic tester must be ca- 
pable of distinguishing an open-circuit from any 
of the other logic levels. 

The circuit of the logic tester is shown in figure 
1. Three voltage comparators are used to detect 
the four possible input conditions. The ‘ref +” 
(reference) and ‘0’ terminals of the tester are 
connected to the supply lines of the logic circuit 
under test. With a 5 V supply and SI set to the 
‘TTL’ position, 2 V will be present at the invert- 
ing input of IC1 and 0.8 V at the inverting input 
of 1C2, With S1 set to the CMOS position the 
reference voltages will be respectively 60% and 
40% of the supply voltage of the circuit being 
tested. 

‘The inverting input of IC3 receives a potential of 
about —50 mV via R9, R7 and R6 from the 
negative rail of the tester’s own (+ 15 V) supply. 
When the ‘test’ input is open-circuit, the non- 
inverting inputs of the three comparators will be 
pulled down to about — 100 mV via R8. The out- 
puts of all three comparators will be negative, so 
LED D1 will be lit. If the test input is connected 
to a voltage between zero volts and the logic 0 
level the output of comparator 1C3 will swing 
positive and D2 will light due to current flowing 
through it from the output of IC3 into the out- 


For voltages between the logic 0 and logic 1 
levels the output of IC2 will also swing positive. 
D2 will extinguish and D3 will light due to cur- 
rent flowing through it from the output of IC2 
to the output of IC1. This LED indicates the un- 
defined logic state ‘X’. When the logic 1 thres- 
hold is exceeded the output of ICI will swing 
positive. D3 will extinguish and Dé will light, 
thus indicating ‘logic 1’. 


Pulse indication 

So far the discussion has been confined to the in- 
dication of static logic levels. However, pulses 
and pulse trains are frequently encountered in 
logic circuits. Pulse trains with a duty-cycle near 
50% will cause both D2 and D4 to glow with re- 
duced brightness. However, if the duty-cycle of 
a pulse train is very large or very small it will ap- 
pear that one LED is lit continuously. 

Also, short single pulses will be missed comple- 
tely. To overcome this problem a ‘pulse 
stretcher’ circuit may be used, see figure 2. 

The pulse stretcher is a one-shot multivibrator 
with an output pulse period of approximately 
200 ms. When any pulse appears at the point in 
figure 1 labled ‘pulse’, which is connected to the 
input of the pulse stretcher, the one-shot will be 
triggered and the LED will glow for about 200 
ms. This is sufficiently long for the indication to 
be seen. If the pulse rate is greater than 5 Hz, 
D10 will appear to glow continuously. 

A TTL-compatible pulse output is provided (A) 
for simple frequency counters etc. If this is not 
required, C2 and DS can be omitted and R14 and 
R1S are replaced by a single 1 k resistor. 


J. Borgman 





put of IC2, thus indicating ‘logic 0°. 


Car rip-off protection 





Thefts from cars of valuable accessories such as 
spotlamps and foglamps are on the increase. 
Equipped with a spanner, and given a few minu- 
tes undisturbed, the enterprising felon can fre- 
quently make a haul worth over £100. The inex- 
pensive alarm circuit described here will protect 
; these valuable items, and can also be used to 
prevent the theft of accessories from inside the 
car, for example radios and cassette players. 


The complete circuit of the alarm is shown in fig- 
ure 1. NI to N4 form a 5-input OR gate, but the 
number of inputs can easily be increased by add- 
ing extra gates. When the car is unoccupied (and 
the ignition is switched off) R11 holds the inputs 
of N5 low, so the output is high. The inputs of 
NI to Né4 are held low via the filaments of the 
lamps, etc. that are being protected. The output 
of N4is thus low, the output of N6is high, T1 is 
turned on, T2 is turned off and relay Re.1 is de- 
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energised. 
In the event of an accessory being disconnected 
by a thief (for example, the lamp connected to 
input E1), then the appropriate input to the OR 
gate will be pulled high by the 10 k input resistor. 
‘The output of N4 then goes high, the output of 
NG goes low, T1 is turned off and T2 is turned 
on, energising Re.1 and sounding the car horn. 
When the ignition switch is closed the output of 
NS is low, which holds the output of N6 perma- 
nently high, thus disabling the alarm. This pre- 
yents the alarm from sounding when one of the 
accessories is switched on, Of course, the alarm 
will still sound if an accessory is switched on 
whilst the ignition is switched off. This prevents 
spotlamps and foglamps from accidentally being 
left on whilst the car is unoccupied. Alterna- 
tively, these accessories can be wired via the igni- 
tion switch so that this cannot occur. 

An additional bonus is that the alarm will also 
sound in the event of a lamp filament failure. 
However, since a replacement lamp may not 
always be available, a secret ‘cancel’ switch (S1) 
is required... 
Accessories inside the car, such as radios and 
cassette players, may also be protected by con- 
necting a wire from one of the alarm inputs to 
the earthed case of the equipment. When the 
thief cuts this wire to remove the equipment then 
the alarm will sound. Of course, this facility 
should only be regarded as a backup to an alarm 
that prevents a thief entering the car in the first 








Figure 1. Complete circuit of the car rip-off 
theft alarm. 


Figure 2. Lamps connected in pairs must be 
isolated from one another, otherwise the 
rm will not give complete protection. 
This can be done with a pair of diodes, as 
shown in figure 2a, or by double-pole 
switching, as shown in figure 2b. 
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Where lamps are wired in pairs the alarm will, of 
course, not sound until both have been discon- 
nected. To overcome this ‘disadvantage a diode 
of suitable current rating can be wired in series 
with each lamp, as shown in figure 2a. Since 
there is a 0.7 V voltage drop across a diode, a 
better idea would be to use a double-pole switch 
for the set of lamps being protected, as shown in 
figure 2b. 


W. Braun 
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Automatic mono stereo 
switch 





For some time now owners of stereo FM re- 
ceivers will have noticed that the stereo indicator 
lamp stays on continuously. This is due to a de- 
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cision by the BBC to transmit the 19 kHz pilot 
tone with all programmes, ostensibly to elim- 
inate annoying clicks that occur when switching 
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the pilot tone on and off. The commercial radio 
stations have, of course, followed this practice 
for some time. 

As the mono-stereo switch in a stereo receiver 
operates by detecting the pilot tone, this means 
that such receivers are now incapable of dis- 
tinguishing between mono and stereo trans- 
missions and will be permanently switched to 
stereo unless the ‘mono’ switch is pressed. Apart 
from the minor annoyance of not knowing if a 
programme is in stereo (unless one buys the 
Radio Times) there is the greater inconvenience 
of listening to mono transmissions with the 
poorer signal-to-noise ratio inherent in stereo 
transmission. This is particularly a problem in 
areas of fringe reception. The circuit described 
in this article distinguishes between mono and 
stereo transmissions by detecting whether or not 
stereo information is present in the received sig- 
nal, independent of the pilot tone. 

When an FM stereo transmission has been de- 
modulated, but before it has been decoded, it 
consists of two distinct channels. The left plus 
right (L + R) signal occupies the frequency band 
0...15 kHz. This signal is essential for mono 
compatibility, as it is the only part of the stereo 











oma 2 


Figure 1. Block diagram of the automatic 
mono-stereo switch. 


Figure 2. Complete circuit of the mono- 
stereo switch. 


signal that a mono radio can receive. The fre- 
quency band from 23...38 kHz is occupied by 
the lower sideband of a 38 kHz subcarrier, onto 
which the L —R (left minus right) signal is modu- 
lated. In principle the stereo signal is decoded by 
demodulating this signal, adding it to the h + R 
signal to get 2L, and subtracting it from the 
L + R signal to get 2R. Since the 23...38 kHz 
signal is absent during a mono transmission, a 
circuit which can detect this signal will be able to 
distinguish between mono and stereo trans- 
missions. This is the principle of the automatic 
mono-stereo switch. 


Block diagram 

The principle of the automatic mono-stereo 
switch is illustrated in the block diagram of fig- 
ure 1. A portion of the signal from the output of 
the detector stage of the tuner is fed to a selective 
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amplifier with a centre frequency of 35 kHz. Ifa 
signal is present in its passband it will be ampli- 
fied, then rectified by an envelope detector. The 
resulting positive voltage is applied to a com- 
parator, whose output swings negative and 
switches on the stereo decoder. If the trans- 
mission is mono then no signal will be fed 
through the selective amplifier and the compara- 
tor output will remain high, switching off the 
stereo decoder. 


Complete circuit 

The circuit of the mono-stereo switch is shown in 
figure 2. Al to A4 are the four sections of a 
TLO084 quad FET opamp. The selective ampli- 
fier is built around Al and A2, the passband 
being determined by L1, L2, C4 and CS. A posi- 
tive bias voltage of just less than half supply 
voltage is applied to the selective amplifier from 
the junction of R2 and D1. This is fed through 
the rectifier A3 to appear on capacitor C6 and 
hence at the inverting input of comparator A4. 
The non-inverting input of A4 receives a positive 
bias slightly higher than half supply voltage 
from the junction of RI and Di. Under no- 
signal conditions the output of A¢ is therefore 
positive. The output signal of the tuner is fed to 
the input of A1 via sensitivity control P1 and C3. 
If stereo information is present this will be 
amplified by Al and A2 and rectified by A3, 
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Figure 3. Showing the connection of the 
mono-stereo switch to an IC stereo de- 
coder. 


Figure 4. A suggested printed circuit board 
design and component layout for the cir- 
cuit of figure 2. 


causing the voltage on C6 to rise above that at 
the non-inverting input of A4. The output of A4 
will thus swing down to 0 V, turning on the 
stereo decoder. 

The attack time of the rectifier is extremely 
short, about 2.7 ms, so the decoder will be 
switched to stereo immediately a stereo signal is 
received. However, to avoid the decoder switch- 
ing back to mono during pauses in the audio sig- 
nal, the decay time constant R7-C6, is made fair- 
ly long, and the circuit will not switch back to 
mono operation until about 20 seconds after the 
cessation of a stereo signal. 

The mono-stereo switch can be connected to 
most IC stereo decoders, such as the MC1310P, 
as shown in figure 3. Operation of the manual 
mono switch which allows selection of mono 
operation if stereo reception is too noisy, is 
unaffected. 


Construction 
A printed circuit board and component layout 








Parts list for C3=1n 
figures 2 and 4 C4, C5 = 2n2 
Resistors: C6 = 10H /25V 
Ri, R2 = 10k C7 = 47H 125V 
R3 = 470k 
R4 = 33k Semiconductors: 
R5 = 1k IC1 = TL 084 
R6 = 27002 D1, D2 = 1N4148 
R7 = 2M2 D3 = zener 2V7 
RB = 1k 

Miscellaneous: 
Capacitors: P1 = 47k preset 
C1, C2 ="470n L1, L2 = 10 mH choke 





for the mono-stereo switch are given in figure 4. 
This p.c.b. should be sufficiently compact to be 
built into most FM tuners, and the wide supply 
voltage range should allow the circuit to be pow- 
ered from the supply rail of almost any tuner. 
The circuit has only one adjustment, the sensi- 
tivity control P1. This should be adjusted so that 
the circuit operates on any stereo signal which is 
sufficiently strong for noise-free stereo listening. 
On the other hand, the sensitivity of the circuit 
must not be so great that it switches on spurious 
noise. 
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Servo polarity changer 





Many model enthusiasts will be familiar with 
situations in which they discovered that moving 
a servo control in one direction prompted the 
model to steer in the opposite direction! The cir- 
cuit described here is intended to offer a simple 
solution to just this problem. 


‘The best results are usually obtained from a 
servo mechanism if it is mounted in the model so 
there are as few joints and bends in the steering 
rod as possible. However the direction in which 
the servo moves should be such that it coincides 
with the direction of the control knob or joy- 
stick, ie. moving the joystick to the right causes 





the model to steer to the right. However, in cer- 
tain cases these two conditions prove mutually 
incompatible. Often the result is that the model 
builder has to tamper with the delicate mech- 








Figure 1. The circuit diagram of the servo 
polarity changer. 


Figure 2. The finished circuit when moun- 
ted on a board occup! ery little space. 





Figure 3. In order to set the servo in the neu- 
tral position a pulse duration of 1.5 ms Is re- 
quired. The top channel shows the input 
signal of the circuit, whilst the bottom 
channel shows the output pulse. The pulse 
is shifted along the time axis, but this has 
no effect upon the operation of the servo. 








Figure 4. This photo shows the output 
pulse obtained for an input pulse duration 
of 1 ms. As is apparent the duration of the 
output pulse is 2 ms, so that the servo will 
now be moved exactly the same amount 
(the distance corresponding to a pulse of 
0.5 ms) as in the pulse of the input signal, 
but in the opposite direction. 
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anics of the steering system or with the finicky 
electronics of the servo. 

Servos are generally controlled by means of 
pulse width modulation; a pulse width of 1.5 ms 
corresponds to the neutral or ‘straight ahead’ 
position, whilst 1 and 2 ms represent the extreme 
settings of the control. The polarity of a servo 
can simply be reversed, so that a pulse width of 1 
ms causes the servo control to assume the pos- 
ition that was previously adopted with a pulse 
width of 2 ms, and vice versa, by modifying the 
width of the control pulses. 

Since in both cases the neutral position of the 
control will correspond to a pulse width of 1.5 
ms, it is possible to calculate the pulse width for 
all other positions on the basis of this figure. 
This can be done quite simply by subtracting the 
original pulse width from 3 ms in order to obtain 
its counterpart in the opposite direction. Thus in 
order to reverse the polarity of the servo one 
simply arranges for the control pulses to be sub- 
tracted from a reference pulse of 3 ms. 

There are two different types of servo which are 
currently available, namely those which operate 
with positive going control pulses, and those 
which require a negative going pulse. The circuit 
described here can only be used with servos 
which use positive going pulses, however this 
represents the large majority of commercially 
available devices. The finished circuit occupies 
very little space (see figure 2) and hence there 
should be no problems mounting it in whatever 
model is under construction. 


The circuit 

N3 and Né along with Cl, C2, Ri, R2 and D1 
form a monostable with a pulse duration of ap- 
prox. 3 ms. This monostable is triggered by the 
control signal, which is also fed to one of the in- 
puts of Ni and N2. The other inputs of these two 
gates receive negative going pulses of approx. 3 








ms duration from the output of N3. Since NI 
and N2 (like N3 and N4) are NOR gates, their 
output will produce a positive going pulse, the 
duration of which is equal to the difference be- 
tween 3 ms and the original control pulse. N2 is 
connected in parallel with N1 to increase the fan- 
out of the circuit. 

The oscilloscope photos show the result before 
and after a pulse has been processed by the cir- 
cuit. In the prototype model the duration of the 
monostable pulse was 3.15 ms. In most applica- 
tions where the servo is permanently built into 
the model, allowance for slight tolerances in 
pulse width can be made at the transmitter. 
However, if a pulse duration of exactly 3 ms is 
required, then a value of 27 n should be chosen 


for Cl and C2. Smaller capacitors can then be 
connected in parallel with these until a pulse of 
precisely 3 ms is obtained on the scope. Without 
a scope the pulse width can still be accurately set 
by altering the value of C1 and C2 in the above 
fashion until, with or without the polarity 
changer, the servo remains in exactly the neutral 
position. 

The circuit consumes very little current (1 mA), 
and is unaffected ( < 2%) by variations in the 
supply voltage between 3 and 10 V. In order to 
reduce the dimensions of the circuit to a mini- 
mum, a tantalum type is recommended for C3. 
As a result of the symmetrical construction (R1 
= R2, Cl = C2) the circuit has a very low tem- 
perature coefficient. 





For those who do not have the time (or perhaps 
the patience) to master a musical instrument, but 
would nonetheless like to make their own music, 
this simple circuit may provide the answer. The 
only musical accomplishment necessary is the 
ability to whistle in tune. 


The principle of ‘Easy music’ is extremely 
simple, as can be seen from the block diagram of 
figure 1. The ‘musician’s’ whistle is picked up by 
a crystal microphone and amplified by opamp 
Al. A portion of the signal is fed to an envelope 
follower, which rectifies and filters it to produce 
a positive voltage that follows the amplitude en- 
yelope of the input signal. The signal is also fed 
to two limiting amplifiers, which convert the va- 
riable amplitude sinewave of the input signal in- 
to a constant amplitude squarewave having the 
same frequency as the input signal. This square- 


Easy music 


waye is used to clock a binary counter whose div- 
ision ratio can be set to 2, 4, 8 etc., so that the 
output is one, two, three etc. octaves below the 
input signal. 

The counter output is used to switch transistor 
TI on and off, and the collector signal of T1 is 
fed to the output amplifier A4. Since the collec- 
tor resistor of TI receives its supply from the 
output of the envelope follower, the amplitude 
of the collector signal, and hence of the output 
signal, varies in sympathy with the amplitude of 
the original input signal. 

The output is therefore a squarewave whose fre- 
quency may be one or more octaves lower than 
the input signal and whose amplitude dynamics 
follow the amplitude of the input signal. 





Complete circuit 
The complete circuit is given in figure 2, and the 
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sections of the circuit shown in the block dia- 
gram are easily identified. The output of the 
crystal microphone is fed to P1, which functions 
as a sensitivity control, Al is connected as a lin- 
ear amplifier with a gain of approximately 56. A 
portion of the output signal from AI is rectified 
by D1 and the resulting peak positive voltage is 
stored on C4. The output signal from A1 is fur- 
ther amplified by A2 and A3, the combined gain 
of Al to A3 being sufficient to cause limiting at 
the output of A3, even with very small input sig- 
nals. P2 is used to adjust the gain of the limiting 
amplifier so that limiting just occurs with the 
smallest input signal, this avoiding limiting 
caused by extraneous noises. 

The output of A3 is used to clock a CMOS bi- 
nary counter, whose division ratio may be set by 
means of S1, The output of 1C2 switches transis- 
tor Tl on and off. Since the collector resistor of 
T1 (R6) receives its supply voltage from.C4, the 
amplitude of the collector signal varies in sym- 
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Figure 1. Block diagram of ‘Easy music’. 


Figure 2. Complete circuit diagram. 


pathy with the input signal. This signal is ampli- 
fied by a small audio power amplifier built 
around A4, which drives a small loudspeaker. 


Additions to the basic circuit 
However, the possibilities do not end there. The 
more ambitious constructor may wish to add fil- 
ters and other circuits to produce different out- 
put waveforms which will extend the tonal possi- 
bilities of the instrument. Such variations on the 
basic design are, however, beyond the scope of 
this short article, and are left to the ingenuity of 
the individual reader. 


P.J. Tyrrell 

















15 duty-cycles at the 
turn of a switch 








Only two CMOS-ICs are used in the generator 
described here, but in spite of its simplicity it of- 
fers a selection of 15 precisely determined duty- 
cycles without any need for calibration. It is a 
useful item of test gear, especially for calibrating 
other instruments that are designed to measure 
duty-cycles in one form or another — dwell 
meters, forinstance. 

The outputs of a divide-by-ten counter, the 
CD4017, are connected to an 8-position switch. 
One of the outputs is selected and fed back to the 
reset input of the IC. The result is a divider stage 
that can be set at any division ratio between 2 
and 9. If the output is taken from the ‘0’ output 
of the divider, both the frequency and the duty- 
cycle of the input frequency will be ‘divided’ by 
the preset ratio. Furthermore, the duty-cycle of 
the output signal will be independent of the in- 
put frequency: it is determined only by the set- 
ting of the selector switch. 

To complete the unit, a clock generator is inclu- 
ded (N1...N3). The ‘clock’ frequency is deter- 
mined by the value of the capacitor, C, and by 
the setting of the 1 M potentiometer. The Table 
lists frequency ranges for a few capacitor values. 
The duty-cycle at the output (pin 3 of IC2) is 
equal to the division ratio times 100%. For in- 
stance, if output ‘5’ (pin 1) of IC2 is selected, the 
division ratio is 1:5 and the duty-cycle is 


1 ~ 20%. 
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Figure 1. Only two IC’s are required for this 
little generator. The Table lists frequency 
ranges for a few capacitor values. 


Figure 2. The duty-cycle at the output is de- 
termined by the division ratio. 
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No calibration required! As can be derived from 
figure 2, eight duty-cycles between 50% and 
11.1% can be selected. N4 inverts the output sig- 
nal, providing eight duty-cycles varying from 
50% up to 88.9%. Since 50% is 50% no matter 
which way you look at it, the total number of 
duty-cycles available is fifteen. 

The amplitude of the output signal is equal to 
the supply voltage, i.e. anywhere between 3 and 
15 volts. 





Analogue delay line 





There are numerous applications requiring the 
use of an audio delay line, for example phasing 


and vibrato units, echo and reverberation units, 
and sophisticated loudspeakers with active time- 











101,104,105 = 741,LF 357 
12 = SAD 512D(Reticon) 
IC3=N1..,N4=4011 








delay compensation. One of the simplest ways to 
achieve this electronically is to use an analogue 
(bucket brigade) shift register. There are various 
types on the market and a particularly in- 
teresting one is the Reticon SAD 512, which has 
512 stages and a built-in clock buffer. The clock 
buffer enables it to be driven from a simple, 
single-phase clock circuit such as a CMOS multi- 
vibrator. 
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Figure | shows a delay line utilising the SAD512. 
Input signals to the device must be positive with 
respect to the 0 V pin, so the AF input signal is 
first fed to an inverting amplifier, IC2, which 
has a positive DC offset adjustable by P1. The 
clock generator is an astable multivibrator using 
CMOS NAND gates (NI and N2) and its fre- 
quency may be varied between 10 kHz and 100 
kHz by means of P3. The clock buffer of the 








SAD 512 divides the clock input frequency by 
two, so the sampling frequency, fo, of the 
SAD512, varies between 5 kHz and 50 kHz. The 
delay produced by the circuit is n/2f,, where nis 
the number of stages in the IC. The delay may 
therefore be varied between 5.12 ms and 51.2 
ms. To obtain longer delays several SAD 512s 
may, of course, be cascaded very easily, since no 
special clock drive circuit is required. 

To minimise clock noise the outputs from the fi- 
nal and penultimate stages of the IC are summed 
by R7, R8 and P2. However, if the circuit is to 
be used with the minimum clock frequency then 
clock noise will still be audible, and the lowpass 
filter circuit shown in figure 2 should be connec- 
ted to the output. This consists of a fourth-order 
Butterworth filter with a turnover frequency of 
2.5 kHz and an ultimate slope of -24 dB/octave. 


U 


Of course, if low clock frequencies are to be em- 
ployed then the maximum frequency of the input 
signal must be restricted to half the sampling fre- 
quency. This can be achieved by connecting the 
filter circuit of figure 2 at the input of the delay 
line, as shown in figure 3. 

To set up the circuit the clock frequency is 
lowered until it becomes audible. P2 is then ad- 
justed until clock noise is at a minimum. The 
clock frequency is then raised and a signal fed in. 
The signal level is increased until distortion be- 
comes apparent, whereupon P1 is adjusted to 
minimise distortion, This procedure (increasing 
the signal level and adjusting P1) is repeated 
until no further improvement is obtained. Alter- 
natively, if an oscilloscope is available, P1 may 
be adjusted so that the waveform clips symmetri- 
cally when the circuit is overloaded by a large 
signal. 





Supply failure indicator 








Many circuits, especially digital systems such as 
random access memories and digital clocks, 
must have a continuous power supply to ensure 
correct operation. If the supply to a RAM is in- 
terrupted then the stored information is lost, as 
is the time in the case of a digital clock. 

‘The supply failure indicator described here will 
sense the interruption of the power supply and 
will light a LED when the supply is restored, 
thus informing the microprocessor user that the 
information stored in RAM is garbage and must 
be re-entered, and telling the digital clock owner 
that his clock must be reset to the correct time. 
When the supply is initially switched on the in- 
verting input of ICI is held at 0.6 V below posi- 
tive supply by D1. Pressing the reset button 
takes the non-inverting input of IC1 to positive 
supply potential, so the output of ICI swings 
high, holding the non-inverting input high even 
when the reset button is released. LED D2 is 


5.12V 








When the supply is interrupted all voltages, of 
course, fall to zero. Upon restoration of the 
supply the inverting input of IC1 is immediately 
pulled up to its previous potential via D1. How- 
ever, Cl is uncharged and holds the non- 
inverting input low, so the output of ICI re- 
mains low and D2 lights. 





therefore not lit. 





Amplifier for low-Z 
headphones 





Stereo headphones are usually connected to the 
loudspeaker outputs of the power amp via an 





attenuator. Although this represents the 
cheapest solution, it does suffer from two 
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significant drawbacks: if the loudspeakers are 
also switched on whilst the headphones are being 
used, it is impossible to vary the signal level of 
the headphones independently of the loud- 
speakers; secondly, as a result of the output 
impedance of the attenuator, the damping factor 
of the system is reduced, which adversely affects 
the bass reproduction of the headphones. These 
problems can be solved however, by using this 
stereo output amp, which is connected via a 
stereo potentiometer (P1, P1’) to the tape 











output of the power amp. The tone controls will 
then have no effect upon the headphones, but in 
the case of better quality *phones that is hardly 
an inconvenience. 

The amplifier has an output power in excess of 1 
Watt. The gain, which is determined by R4 and 
RS, is 11 (this can be varied, if so desired, by 
altering the value of R4). By means of P2 the 
voltage at the junction of R12 and R14 is 
adjusted to half supply. The quiescent current is 
50 to 100 mA; this can be varied by altering R8. 


20...25V 











19) Simple TTL squarewave 
generator 





Using only a small number of TTL gates it is not 
difficult to construct a squarewave generator 
which can be used in a wide range of possible 
applications (e.g. as clock generator). The ac- 
companying diagram represents the basic univer- 
sal design for such a generator. The circuit is not 
critical, can be used over a wide range of 
frequencies, has no starting problems and is suf- 
ficiently stable for most applications. The 
frequency in not affected by supply voltage vari- 
ations. 

The oscillator frequency is determined by the RC 
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network and the propagation time of the in- 
verters (in this case three NANDs with their 
inputs connected in parallel). Since the propa- 
gation delay time of the IC is, in general, 
strongly influenced by the temperature and 
supply voltage, care must be taken to ensure that 
the propagation times have as little effect as 
possible upon the oscillator frequency. The 
output of each gate changes state twice per 
period of the oscillation signal, which means 
that, in all, one must account for double the 
propagation time of all three gates. To ensure 
that the oscillator frequency fy be more or less 
independent of variations in the temperature of 
the circuit and in the supply voltage, one must 
ensure that fo is small compared to 





where tp is the propagation time and n the num- 
ber of inverters connected in series. In the case 
of the circuit shown here, tp = approx. 10 ns 
and n = 3, so that as far as the oscillator fre- 
quency fy is concerned: 
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The accompanying nomogram shows how fo 
changes with R. The value of the resistor R must 
not be smaller than that shown in the 
nomogram; for example, for C = 100 nF, R 
must not be less than 1009 . A variable 
squarewave oscillator can be obtained by 
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replacing R with a 2.5 k potentiometer in series 
with a fixed resistor of the minimum permitted 
value. 

A universal squarewave generator of this type 
can also be constructed using Low Power 
Schottky TTL or CMOS ICs; both these possi- 
bilities are discussed below. 





Simple LS TTL 
Squarewave generator 





The design of this squarewave generator is ident- 
ical to that of the circuit described above, with 
the exception that it employs an IC from the in- 
creasingly popular Low Power Schottky (LS) 
TTL series, rather than a conventional TTL IC. 
Since the electrical characteristics of LS TTL 
devices differ from those of standard TTL ICs, 
the relationship between the oscillator frequency 
and the values of R and C will also be difficult, 
whilst an extra resistor is required for the circuit 
to function satisfactorily. 

The circuit will generate a squarewave with a 
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frequency between 20 Hz and 1 MHz. The 
nomogram once again shows the frequencies 
obtained for various values of R and C. As was 
the case in the above circuit, there is a minimum 
permissible value for R (680 Q ). To obtain a 
variable squarewave generator, R should be 
replaced by a 5 or 10 k potentiometer in series 
with a fixed resistor of 680. Q . 
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Simple CMOS 
squarewave generator 





In addition to standard- and Low Power 
Schottky TTL devices, there is, of course, no ob- 
jection to using a CMOS IC in the basic square- 
wave generator circuit. The revised graph of 
frequency against R and C is shown in the 
accompanying nomogram. The frequencies are 
plotted for a nominal supply voltage of 12 V, 
however, this voltage is not critical, and a supply 
of between 5 V and 15 V may in fact be used. 
The frequency range of the circuit runs from 0.5 
Hzto | MHz. 

The minimum permissible value of R is 22 k. To 
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obtain a variable squarewave oscillator, R 
should be replaced by a fixed value resistor of 22 
k in series with a 1 M potentiometer. Both the 
buffered and unbuffered versions of the 4011 
may be used. 
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Automotive voltmeter 





Although vital for satisfactory operation of the 
vehicle, the car battery is often taken for granted 
and rarely receives adequate maintenance. As a 
battery ages, its ability to store charge for long 
periods gradually decreases. The inevitable 
result is that one morning (usually in the depths 
of winter) the car fails to start. 

The solid-state voltmeter described in this article 
allows continuous monitoring of the battery 
voltage so that incipient failure can be spotted at 





an early stage. The circuit will also indicate any 
fault in the car voltage regulator which may lead 
to overcharging and damage to the battery. 
Battery voltage can, of course, be measured 
using a conventional moving-coil voltmeter. 
However, as only the voltage range from about 9 
to 15 V is of interest, only the top third of the 
scale of a 15 V meter would be used, unless a 
‘suppressed zero’ facility was added. Moving 
coil meters are also fairly delicate mechanically. 








A better solution is to use a solidstate voltmeter 
which will indicate the voltage on a column of 
LEDs. Various ICs are available which perform 
this function. However, the 12 or 16 LED 
display offered by ICs such as the Siemens UAA 
180 and UAA 170 is not required in this appli- 
cation, so an IC was chosen which will drive only 
five LEDs, the Texas SN 16889P. This IC pro- 
vides a thermometer-type indication. 

The complete circuit of the voltmeter uses only 
this IC and a handful of other components, since 
the IC will drive the LEDs directly. Diodes D1 
and D2 provide protection against reverse po- 
larity and transients on the supply line, whilst D8 
offsets the zero of the meter so that it only 
begins to read above about 9.5 V. The circuit is 
calibrated using P1 so that the LEDs extinguish 
at the voltages shown in the accompanying table. 
LED D7 will be extinguished below about 15 V. 
If this LED is lit when the circuit is fitted in the 
car then the charging voltage is too high and the 
car voltage regulator is at fault. A red LED 
should be used for D7. D6 indicates that the 
battery is fully charged, and a green LED should 
be used for this component. 

DS indicates that the battery voltage is fairly 
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Table. Voltages below which the LEDs ex- 
tinguish 


D7 15 V 
D6 13.5 V 
DS 12 Vv 
D4 TY 
D3. 9.5V 





.k., but the battery is not fully charged — a 
cautionary yellow LED can be used here. D4 and 
D3 indicate that the battery voltage is unaccept- 
ably low, and red LEDs should again be used for 
these components. 
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Electronic gong 





This circuit will simulate the sound of a bell or 
gong and may be used as a replacement for con- 
ventional bells in such applications as door- 
chimes, clocks etc. 

The circuit consists of a resonant filter built 
around IC2 and IC3 which will ring at its res- 
‘onant frequency when a short pulse is fed to the 
input. In this circuit the trigger pulses are pro- 
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vided by a 555 timer connected as an astable 
multivibrator, but other trigger sources may be 
used depending on the application. 

The character of the sound is influenced by two 
factors; the Q of the filter, which may be varied 
by changing the value of R2, and the duration of 
the trigger pulse, which may be adjusted using 
P1. The repetition rate of the trigger pulses, i.e. 











the rate at which the gong is ‘struck’, may be 
varied using P2, In order to drive a loudspeaker 
the output of the circuit must be fed through an 





audio amplifier. The output level may be varied 
from zero to about 5 V by means of P3. 
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Zero crossing detector 





This circuit will detect precisely the negative- 
going zero-crossing point of an AC waveform, 
but requires only a single supply voltage, unlike 
zero crossing detectors using op-amps. N1 and 
N2 are Schmitt triggers connected to form a 
monostable multivibrator with a period of about 
15 ms. P1 is adjusted so that when the input volt- 
age falls to zero the voltage at the input of N1 is 
equal to the low-going threshold of the Schmitt 
trigger. The output of NI thus goes high and the 
output of N2 goes low. Cl holds the second 
input of NI below its positive-going threshold 
for about 15 ms, during which time the output of 
the circuit will remain low, even if noise pulses 
on the input waveform should take the first 
input of NI high. 

When the input signal goes positive the first 


input of NI is taken above its positive-going 
threshold. Note that this occurs after the 
Ppositive-going zero-crossing point due to the 
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hysteresis of the Schmitt trigger. Subsequently 
the second input of NI goes high due to Cl 
charging through R3. The circuit then resets and 
the output of N2 goes high. 

The output of N2 is thus an asymmetrical 
squarewave whose negative-going edge occurs 
on the negative-going zero-crossing point of the 
input waveform and whose positive-going edge 
occurs sometime during the positive half-cycle of 
the input waveform. The negative-going edge of 
the waveform is independent of the amplitude of 
the input signal and occurs always at the zero- 
crossing point. However, it does vary slightly 
with supply voltage, so this should be stabilised. 
If a higher supply than 15 V is used then R4 and 
D2 must be included, otherwise the IC may be 
damaged. 

To calibrate the circuit an oscilloscope is 
desirable so that P1 may be set exactly for the 
zero-crossing point. Alternatively, if a ‘scope is 
not available, Cl should be temporarily discon- 
nected and the output of N2 monitored on a 
multimeter. 

In table 1 look up the voltage corresponding to 
the RMS input voltage and supply voltage and 
adjust P1 until this voltage registers on the 
meter, e.g. with a 10 V supply and a sinewave 
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Table 1 
Input Supply voltage 
voltage 
(RMS sine) 5V 10V 15V 
2V 2.24 3.49 aaa 
3V 2.33 4.09 5.18 
4v 2.37 4.33 5.91 
5V 2.40 4.47 6.26 
6V 2.42 4.56 6.48 
7V 2.43 4.63 6.64 
BV 2.44 4.67 6.75 
9V 2.44 4.71 6.83 
10V 2.45 4.74 6.90 


input of 5 V RMS P! should be adjusted until 
the meter reads 4.47 V. 

RI, D1 and the input protection diodes of N1 
protect the circuit against input voltages up to 
220 V (RMS, sinewave input). At this level the 
maximum permissible current of 10 mA flows 
into N1 and 1.5 W are dissipated in R1. If higher 
input voltages are to be used or less dissipation is 
desirable then the values of R1, R2 and Pl 
should be increased, keeping them in the same 
ratio. 





Wideband RF amplifier 





This design for an RF amplifier has a large band- 
width and dynamic range, which makes it emi- 
nently suitable for use in the front end of a 
shortwave receiver. The design operates without 
negative feedback since, if an amplifier with 
feedback overloads, distortion products can be 
fed back to the (aerial) input via the feedback 
loop and re-radiated. 

However, good linearity is achieved by employ- 
ing a device which has an inherently linear trans- 


Table 1 
Typical characteristics of the RF amplifier 


gain: approximately 10dB 

3 dB bandwidth: 4 MHz to 55 MHz 

noise figure: less than 5 dB 

two-tone test: 
output power for third order 
IM distortion at — 40 dB with respect to 
one tone: +22 dBmitone 
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fer characteristic, in this case a dual-gate 
MOSFET with both gates linked. With the 
3N211 used in this circuit the transconductance 
of the device is constant at about 14 mA/V pro- 
20V 
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20.25 mA 











A=175 


rev 


substrate, see tent 








vided the drain current is greater than approxi- 
mately 12.5mA. 

The MOSFET is used in a commongate con- 
figuration, with P1 used to set the drain current 
at around 20 mA. One home-made inductor is 
employed in the circuit, L2, which is wound on a 
Philips/Mullard type 4312-020-31521, two-hole 
ferrite bead, sometimes referred to as a ‘pig's 
nose ferrite bead’. 14 turns of 31 SWG (0.3 mm) 
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enamelled copper wire are wound through one 
hole of the bead and four turns are wound 
through the other hole, one end of each winding 
being joined to form the tap which connects to 
C6. 

PI should be adjusted so that the voltage at the 
test point shown in figure 1 is between 17.5 V 
and 18 V. 


Super-simple touch 
switch 





Although there is a plethora of designs for touch 
switches, it is always a challenge to come up with 
a design that is simpler than previous versions. 
While most latching touch switches use a pair of 
NAND gates connected as a flip-flop, this circuit 
uses only one non-inverting CMOS buffer, one 
capacitor and a resistor. When the input of NI is 
taken low by bridging the lower pair of touch 
contacts with a finger, the output of NI goes 
low. When the contacts are released the input of 
NI is held low by the output via Rl, so the 
‘output remains low indefinitely. When the upper 
pair of contacts is bridged the input of NI is 
taken high, so the output goes high. When the 
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contacts are released the input is still held high 
via R1, so the output remains high. 






Symmetrical 
+ 15 V/50 mA supply 





Although IC voltage regulators have now largely 
displaced discrete component designs, this cir- 
cuit offers a considerable cost advantage over an 
IC regulator. 


Operation of the circuit is extremely simple. The 
centre-tapped transformer, bridge rectifier and 
reservoir capacitors C1 and C2 provide an 
unregulated supply of about +20 V. The posi- 
tive and negative regulators function in an ident- 
ical manner except for polarity, so only the posi- 
tive regulator will be described in detail. 

The positive supply current flows through a 
series regulator transistor Tl. 15 V is dropped 
across zener diode DS, the upper end being at 
about +15 V and the lower end at 0 V. Should 
the output voltage of the regulator tend to fall 
then the lower end of DS will fall below 0 V and 





transistor T3 will draw more current. This will 
supply T1 with more base current, turning it on 
harder so that the output voltage of the regulator 
will rise. If the output voltage of the regulator is 
too high then the reverse will happen. The poten- 
tial at the lower end of DS will rise and T3 will 
draw less current. T1 in turn will tend to turn off 
and the supply voltage will fall. The negative 
supply functions in a similar manner. Since DS 
and D6 receive their bias from the output of the 
supply, RS, R6 and D7 must be included to make 
the circuit self-starting. An initial bias of about 
10 V from the unregulated supply is provided by 
these components. Once the output voltage of 
the supply has risen to its normal value D7 is 
reverse-biased, which prevents ripple from the 
unregulated supply appearing on the output. 

Using inexpensive small-signal transistors such 
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B=4x 1N4001 





as the BC 107/BC 177 family or equivalents, the 
maximum current that can safely be drawn from 
the supply is about 50 mA per rail. However, T1 
and T2 may be replaced by higher power 
Darlington pairs to obtain output currents of 
500mA.. 








15V/50mA, 








15V/50mA 











The 723 is a very widely used IC regulator. 
Hence the following circuit, which is intended to 
reduce power dissipation when the 723 is used 
with an external transistor, should prove very 
popular. According to the manufacturer’s speci- 
fication the supply voltage to the 723 should 
always be at least 8.5 V to ensure satisfactory 
operation of the internal 7.5 V reference and of 
the IC’s internal differential amplifier. 

Using the 723 in a low-voltage high-current 
supply, with an external series transistor oper- 
ating from the same supply rail as the 723, in- 
variably results in excessive dissipation in the 
series transistor. For example, in a 5 V 2 A 
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Improved 723 supply 


supply for TTL about 3.5 V would be dropped 
across the series transistor and 7 W would be 
dissipated in it at full load current. Furthermore, 
the reservoir capacitor must be larger than 
necessary to prevent the supply to the 723 falling 
below 8.5 Vin the ripple troughs. 

In fact the supply voltage to the series transistor 
need be no more than 0.5 V above the regulated 
output voltage, to allow for its saturation volt- 
age. 

The solution is to use a separate 8.5 V supply for 
the 723 and a lower voltage supply for the exter- 
nal transistor. Rather than using separate trans- 
former windings for the two supplies, the supply 


























to the 723 is simply tapped off using a peak recti- 
fier D1/C1. Since the 723 takes only a small cur- 
rent Cl will charge up to virtually the peak volt- 
age from the bridge rectifier, 1.414 times the 
RMS voltage of the transformer minus the volt- 
age drop of the bridge. The transformer voltage 
thus needs to be at least 7 V to give an 8.5 V 
supply to the 723. 

However, by suitable choice of reservoir capaci- 
tor C2 the ripple on the main unregulated supply 
can be made such that the voltage falls to about 
0.5 V above the regulated output voltage in the 
ripple troughs. The average voltage fed to the 
series transistor will thus be less than 8.5 V and 
the dissipation will be greatly reduced. 

The value of Cl is determined by the maximum 
base current that the 723 must supply to the 
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series output transistor. As a rule of thumb 
allow about 10 F per mA, The base current can 
be found by dividing the maximum output cur- 
rent by the gain of the transistor. A suitable 
value for the main reservoir capacitor C2 is 
between 1500 and 2200# F per amp of output 
current. 


Squarewave-staircase 
converter 





This circuit can be used to generate an up-down 
staircase waveform with a total of 512 steps per 
cycle. IC1 and IC2 are two four-bit up-down 
counters connected as an 8-bit counter, with an 
R-2R D-A ladder network connected to the out- 
puts to convert the binary output codes to a 
staircase waveform. 

When a squarewave is fed to the clock input the 





circuit will count up until the counter reaches 
255, when the carry output will go low and clock 
FF1. The circuit will then count down until zero 
is reached, when the carry output will again 
clock FFI and so on. 

To ensure that the staircase steps are of equal 
height 1% tolerance resistors should be used for 
RI to R23. 





1e1,102 = 4029 
FFi=%1¢3= 4013 
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3,0) HF current gain tester 





The high-frequency current gain of a transistor 
is dependent on the DC bias conditions under 
which it operates, maximum gain being obtained 
at only one particular value of collector current. 

This simple circuit is designed to determine the 
optimum collector current for any NPN RF 
transistor. The transistor under test (TUT) is 
inserted into an amplifier stage which is fed with 
a constant amplitude 100 MHz signal from an 
oscillator built around T1. This signal is ampli- 
fied by the TUT, rectified by D1 and filtered by 


R10 and C9 to give a DC signal proportional to 
the RF signal output from the TUT. This, in 
turn, is proportional to the gain of the TUT. 

The collector current through the TUT can be 
varied between 1 mA and 10 mA by means of 
P1, which should be fitted with a scale marked 
out linearly between these values. It is then a 
simple matter to adjust P1 until the maximum 
output voltage is obtained on the meter, where- 
upon the optimum collector current can be read 
off from the scale of P1. 





L1 = 5 Wdg. 0,8 mm Cu 9 6 mm 
L1 =5 turns 0.8 mm (21 SWG) Cu ¢ 6 mm 
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Hum filter 





using electronically simulated 
inductor 


There are many cases where it is useful to be able 
to get rid of spurious mains (50 Hz) interference. 
The simplest way of doing this is to employ a 
special filter which rejects only the 50 Hz signal 
components whilst passing the other signal fre- 
quencies unaffected, i.e. a highly selective notch 
filter. A typical circuit for such a filter is given in 
figure 1. 

Since a filter with a notch frequency of 50 Hz 
and a Q of 10 would require an inductance of 
almost 150 Henrys, the most obvious solution is 
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to synthesise the required inductance electronic- 
ally (see figure 2). 

The two opamps, together with R2...R5, C2 and 
P1, provide an almost perfect simulation of a 
conventional wound inductor situated between 
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pin 3 of ICI and earth. The value of inductance 
thereby obtained is equal to the product of the 
values of R2, R3 and C2 (i.e. L = R2xR3x C2). 
For tuning purposes this value can be varied 
slightly by means of P1. If the circuit is correctly 





There are a number of different ways of using a 
transformer with only one secondary winding to 
obtain both a positive and a negative supply 
voltage. This design is a contribution towards 
such a the discussion. 

The circuit uses a second bridge rectifier 
(D1...D4) which, via Cl and C2, is capacitively- 
coupled to the transformer. Since the resultant 
voltage is DC-isolated from the transformer, to 
which the other rectifier (D5...D8) is connected, 
the positive terminal of C3 can be linked directly 
to the 0 V rail to give a symmetrical + supply. 
Since (because of C1 and C2) C3 is charged from 
a higher impedance than C4, this capacitor 
should have a higher value than C4, otherwise 
the internal impedance and ripple voltage of the 
negative supply will differ significantly from it’s 
positive counterpart. 

The working voltages of the capacitors should at 
least equal the peak value of the transformer 
voltage. With the values given in the diagram the 
circuit will supply approx. 0.1 A for a trans- 
former voltage of 15 V and a ripple voltage of 
LN 

Naturally enough all the capacitance values can 





adjusted, the attenuation of 50 Hz signals is 45 
to 50 dB. The circuit can be used as it stands asa 
hum rejection filter in harmonic distortion 
meters or as a hum filter for TV sound signals. 








78007 


be increased by the same factor in order to 
reduce the ripple voltage. 

As far as the bridge rectifiers are concerned, 
these should be adequately rated to withstand 
the peak transformer voltage and the maximum 
Joad current. 


H. Springer 
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Analogue-digital 
converter 





Construction of an A/D converter is not a 
simple matter, since the circuit often requires the 
use of a number of precision components. How- 
ever, the accuracy of the circuit described here is 
independent of component tolerances and is 
determined solely by the stability of a single ref- 
erence voltage. 

ICI functions as a comparator. So long as the 
voltage on its inverting input is less than the 
analogue input voltage on its non-inverting input 
the output is high. FF1 receives pulses from the 
clock oscillator constructed around N1 and N2. 
Whilst its D input is held high by the output of 
ICI its Q output remains high. CMOS switch S1 


fl 


analogue 
in 






is closed, while S2 is open, so C2 charges from 
the reference voltage (Ure) via SI and R2. 

When the voltage on C2 equals that at the non- 
inverting input the output of ICI goes low. 
However, C2 continues to charge until the next 
clock pulse, when the Q output of FF1 goes low, 
SI opens and S2 closes. C2 now discharges 
through R2, RS and S2 until the voltage on it 
falls below the analogue input voltage, when the 
output of IC] again goes high. On the next clock 
pulse the Q output of FFI again goes high and 
the cycle repeats. 

Since C2 is charging and discharging exponen- 
tially it follows that the higher the analogue 


Urot, @) 2.048V 5.15V 
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“Start” 


























input voltage the longer will be the charge 
periods of;C2 and the smaller will be the dis- 
charge periods. The result is that the output of 
ICI is a squarewave whose duty-cycle is pro- 
portional to the analogue input yoltage. Note 
that this only applies once the circuit has reached 
equilibrium. It does not apply during the initial 
phase when C2is charging from zero. 

When the ‘start conversion’ switch is closed flip- 
flop FF2 is set. This enables counters ICS and 





IC6. Both count clock pulses, but while 1C6 
counts every clock pulse IC5 counts clock pulses 
only whilst the Q output of FFI is high. When 
the Qi. output of IC6 goes high FF2 is reset and 
the conversion ceases. The count which ICS has 
reached is thus proportional to the duty-cycle of 
the Q output of FFI, which is proportional to 
the analogue input level. 

If the reference voltage is exactly 2.048 V then 
the count of ICS will be 1000 for an input of 1 
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yolt. The linearity of the prototype circuit was 
1%, but this could probably be improved by 
using an LF 357 for IC1, although a symmetrical 
supply will then be required. It is also possible to 
vary the clock frequency by changing the value 
of C3 (minimum 390 p for 50 kHz). 
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Signal injector 


To set up the circuit the input is groundéd and 
P1 is adjusted until the count from ICS is zero. 
To check operation of the converter the refer- 
ence voltage is connected to the analogue input 
when all outputs of ICS should be high (count 
2047). 
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(an) 
This simple signal injector should find many 
uses in trouble shooting and alignment appli- 
cations. It produces an output with a fundamen- 
tal frequency of 100 kHz and harmonics extend- 
ing up to 200 MHz and has an output impedance 
of 50 ohms. 

Nl, N2 and N3 form an astable multivibrator 
with a virtually symmetrical squarewave output 
and a frequency of approximately 100 kHz. The 
output of the oscillator is buffered by a fourth 
NAND gate N4. Since the squarewave is sym- 
metrical it contains only odd harmonics of the 
fundamental frequency, the higher harmonics 
being fairly weak due to the relatively slow rise 
time of the CMOS devices employed. As it is 
necessary for the higher harmonics to be at a 
reasonable level if the circuit is to prove useful at 
high frequencies, the output of N4 is fed to a 
differentiating network R2/C2. This attenuates 
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Flasher bleeper 


9.15V 


the fundamental relative to the harmonics, 
producing a needle-pulse waveform which is 
then amplified by Tl and T2. This is rich in 
harmonics and, due to the extremely small duty- 
cycle of the waveform, the power consumed by 
the output stage, T2, is fairly small. The output 
frequency of the signal injector can be adjusted 
by means of P1. If an accurate output frequency 
is required then the signal injector can be 
adjusted by beating its second harmonic with the 
200 kHz Droitwich broadcast transmitter. The 
frequency stability of the circuit is largely 
determinied by the construction. To minimise 
hand capacitance effects the unit should be 
housed in a metal box for screening, with the 
only output connection being the signal probe. If 
desired, a 1 k preset may be included in series 
with P1 to allow easier fine tuning. 








Although extremely useful, the selfcancelling 
devices fitted to car direction indicators are not 
infallible. For example, they will not operate 
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when only a small movement of the steering 
wheel is made, as when pulling out to overtake. 
An audible warning device to indicate that the 











































A Mostek IC, the MK 5009, is a complete time- 
base for frequency counters and other appli- 
cations. The internal block diagram of the IC is 
shown in figure 1. It incorporates a clock circuit 
(which may be used either with an external refer- 
ence frequency, with an external RC circuit or 
with an external crystal) and a programmable 
divider. By applying an appropriate binary code 
to the programming inputs the division ratio 
may be varied in decade steps from 10° to 10°. 
Other division ratios are also available, the most 
interesting being divide-by- 2x 10*, which gives a 
50 Hz output with a 1 MHz clock frequency or a 
60 Hz output with a 1.2 MHz clock frequency. 

A practical circuit using the MK 5009 is shown in 
figure 2, whilst table 1 shows the division ratios 
that may be obtained for the different settings of 
SI to S4, A 1 MHz crystal is used in a parallel 
resonant circuit and this crystal should be a 30 p 
parallel resonant type. 

The divided down output is available at pin 1 of 
the IC. This output will drive CMOS circuits or 





flashers have not cancelled is preferable to the 
visual indication normally fitted, as it is more 
noticeable and does not require the driver to take 
his eyes off the road. 

The circuit consists simply of a 555 timer con- 
nected as a 1 kHz astable multivibrator, The out- 
put of the 555 is more than sufficient to drive a 
small loudspeaker. When the trafficator switch 
(S) is set to either the left or right positions, 
power is supplied to the multivibrator via the 
flasher unit and D1 or D2. The circuit thus 
‘beeps’ with the same rhythm as the flashing of 
the indicators. If desired, the volume can be 
reduced by increasing the value of R3. The 
‘beep’ frequency is determined by Cl, For oper- 
ation in positive earth cars D1 and D2 should be 
reversed and the multivibrator circuit turned 
upside-down, i.e. the Cl/pin 1/loudspeaker 
junction is connected to the commoned anodes 
of the diodes and the R1/pin 4/pin 8 junction is 
connected to supply common. 


IC counter timebase 


one TTL unit load directly. However, since the 
IC is fairly expensive it is recommended that a 
permanent buffer stage be connected to the out- 
put. This may take the form of a TTL or CMOS 


S3 $4 division ratio 
0 10° 
1 10" 
0 102 
1 103 
0 104 
1 105 
0 108 
a 107 
0 108 
fl 6 x 107 
0 36 x 108 
1 6 x 108 
0 2x 104 


aan costsc04400 


0 = switch closed 
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gate or buffer, a FET or a bipolar transistor. 
The 1 MHz clock frequency is available at pin 10 
of the IC and must similarly be buffered if itis to 
be used. 

Trimming of the oscillator frequency for maxi- 
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mum accuracy can be carried out using C2. With 
the division ratio set to 10, C2 can be adjusted 
for zero beat between the output and an accurate 
frequency such as the 200 kHz Droitwich trans- 
mitter. 


Stable-Start-Stop- 


Squarewave 





In digital circuits where parallel information 
must be converted into serial data, a start-stop 
oscillator is often used. One system is to use the 
oscillator to clock a counter, the output of which 
is compared with the parallel data. Initially the 
counter is reset; the external oscillator is then 
started, clocking the counter; when the correct 


1 es 





JO 


count is reached, the oscillator is stopped. The 
result is a (clock) pulse train, the length of which 
corresponds to the binary number given by the 
parallel data. It is not sufficient for these appli- 
cations to gate the output of a free-running oscil- 
lator, since the ‘enable’ signal is not normally 
synchronised to the oscillator. The circuit de- 
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scribed here is actually turned on and off by the 
enable signal, and it has proved reliable and 
stable for output frequencies up to 10 MHz. 

As long as the enable input (one input of N3) is 
at logic 0, the oscillator is blocked and the 


output of N4 is also held at logic 0. When the 
enable input becomes logic 1, the oscillator starts 
immediately and the first output pulse is delayed 
only by the propagation times of N3 and N4. 








Digital audio mixer 





A novel approach is employed in this circuit, 
which allows mixing of two audio signals and 
cross-fading between them. Rather than using 
conventional potentiometers as analogue attenu- 
ators together with a summing amplifier, the 
circuit functions by sampling the two signals 
alternately at a high frequency. 

The input signals are fed to a pair of electronic 
switches each comprising two elements of a 4066 
CMOS analogue switch IC. The use of a switch 
in shunt with the signal path as well as in series 
allows a high load impedance to be used (for low 
distortion) whilst at the same time maintaining 
good signal isolation when the switch is ‘off’. 
The two switches are opened and closed alter- 
nately by a 100 kHz, two-phase clock con- 
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structed around N1 to N6. When S1 is closed, S2 
is open and signal A is fed through to ICI. S3 
however, is open and S4 closed, so signal B is 
blocked. When S3 is closed and SI open then 
signal B is, of course, passed while A is blocked. 
P1 allows the duty-cycle of the clock pulses to be 
adjusted, i.e. the proportion of the total time for 
which each signal is passed. This in turn varies 
the amplitude of each signal. With P1 in its mid- 
position both signals have approximately the 
same amplitude whilst at the two extremes one 
signal is completely blocked whilst the other is 
passed continuously. 

A lowpass filter built around ICI removes any 
clock frequency components from the output. 
Although these are inaudible they could, if not 


9... 15 V/10 mA 





1... S4 = 4066 (B) 
1... NB = 4049 














filtered out, damage power amplifiers and loud- 
speaker tweeters or beat with the bias oscillator 
in a tape recorder to cause high-pitched bleeping 
tones. 

The supply voltage, which should be stabilised 


and ripple-free, may lie between 9 V and 15 V. 
Above 15 V the CMOS ICs may be damaged and 
below 9 V the 741 will not function satisfac- 
torily. The maximum input signal that the circuit 
will accept without distortion is about 1 V RMS. 
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Cheap crystal filter / 





ea 





Xin X8-= 4499018MHE Xtal 


In view of the dramatic drop in the price of crys- 
tals used in colour TV sets, they now represent 
an economical way of building an SSB-filter. 
The circuit shown in the accompanying diagram 
is for a filter with a — 6 dB bandwidth of roughly 
2.2 kHz, 

The layout for the p.c.b. indicates how such a 
circuit can be constructed. This type of arrange- 
ment has the advantage that the input and out- 


Parts list. 


Resistors: 
Ri, R2 = 1k 


Capacitors: 
C1, C2, C4, C5 = 82p 
C3 = 15p 

C6, C7 = 100 n ceramic 





Miscellaneous: 
X14, X2, X3, X4, X5, X6 = 4.433618 kHz 


Table. 

fo 4432,03 kHz 

(eget) aagoro KHes®—8 a8 2.29 Kee 
ee a8 0 e740 Kz 8 —60 ap 7,90 kHz 
slope factor (r) 1:3,17 


slope factor (I) 
ripple 
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2dB 
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put are as far as possible apart from one an- 
other, so that rejection outside the passband is at 
a maximum. By terminating the input and out- 
put with a 1 k resistor in parallel with an 18 p 
trimmer capacitor, passband ripple can be tuned 


& 


down to 2 dB. The most important specs are 
given in the accompanying table, to which 
should be added that the out-of-band attenu- 
ation is 90 dB. 






FET millivoltmeter 





FET opamps have high gain, low input offset 
and an extremely high input impedance. These 
three characteristics make them eminently suit- 
able for use in a millivoltmeter. The circuit pre- 
sented here can measure both voltages and cur- 
rents. 

Figures la and 1b show the basic circuits for 
voltage and current measurement respectively. 
In figure 1a, the opamp is used in a virtual earth 
configuration and the gain is therefore deter- 
mined by the ratio Ra/Rb and by the voltage 
divider circuit Re/Rd. The exact formula is 
given in the diagram. The current measurement 
circuit, figure 1b, is also basically a virtual earth 
configuration; the opamp will maintain an out- 
put voltage such that the left-hand (input) end of 
Ra is at zero potential and, since the input cur- 
rent must flow through this resistor, the voltage 





Table 1 

S3 Uj (f.s.d.) \j (f-s.d.) 

a 10 mV 1nA 

b 50 mV 5nA 

c 100 mV 10 nA 

d 500 mV 50 nA 

e 1v 100 nA 

ti 5V 500 nA 

9g 10V 1A 

h 50V SHA 

i 100 V 10HA 

j 500 V SOWA 

k 1000 V 100BA 
Table 2 
S3in position: a b c 
lq (f.s.d.) THA SHA 10HA 
Ip (f-8.d.) 10HA SOHA 100HA 
Ig (f.s.d.) 100H A SOOHA 1mA 
Ig (f-8.d.) 1mA S5mA 10mA 
le (f.s.d. 10mA 50mA 100mA 
If (f.8.d.) 100 mA 500 mA 1A 
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drop across Ra equals Ix Ra. Therefore, the out- 
put voltage must —Ix Ra. 

The complete circuit (figure 2) combines these 
two functions. The range switch $3 selects the 
required feedback resistor (Ra in figure 1) and 
the voltage divider (Rc and Rd) if the latter is 
required. The resulting ranges are listed in Table 
1, The polarity of the meter can be reversed by 
means of switch S2. 

A symmetrical +/—3 V supply is required, 
capable of delivering 1 mA. This low voltage and 
low current consumption means that the FET 
miillivoltmeter can be battery-powered. This is a 
highly desirable feature, since the meter can then 
be used for so-called ‘floating’ measurement. A 
higher supply voltage is permissible, if it is easier 























to obtain (4.5 V flat batteries, for instance); the 
maximum for these opamps is a symmetrical 
+/~16 V supply. 

Itis advisable to use 1% resistors, and Pl and P2 
should preferably by high-quality preset poten- 
tiometers. R1, R2 and R3 may prove difficult to 
obtain, in which case a series-chain of 1 M resis- 
tors must be used. 

Preset Pl is for offset compensation. With the 
meter input shorted, this preset is adjusted until 
the meter reads zero, P2is the calibration poten- 
tiometer: a known voltage (or current) is applied 
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and P2is set so that the meter reads correctly. 
Figure 3 shows an optional extra: the ‘universal 
shunt’. This consists of nothing more than a 
chain of resistors that can be connected across 
the voltage input terminals of the meter. If cur- 
rent is passed through any one of these resistors, 
a corresponding voltage drop will appear across 
this resistor. Since there is no voltage drop 
across any of the other resistors, this voltage will 
be indicated by the meter. Table 2 lists the result- 
ing current measurement ranges. As before, 1% 
resistors should be used for the actual measuring 
chain (R19...R24). 


J. Borgman 





Quizmaster 





In many quiz games speed of response plays an 
essential part, the contender who presses a 
button first getting the first chance of answering 


a question. The circuit shown here is designed to 
determine and indicate which contestant is 
‘quickest on the draw’. The design is modular 
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and may be extended to any number of contest- 
ants, and as CMOS ICs are used the circuit can 
be battery powered, as the only significant 
current consumption is in the indicator LEDs, 
As shown in figure 1 each module basically con- 
sists of a set-reset flip-flop N2/N3, with a 
NAND gate on its set input. Diodes D6 on the Q 
output of each flip-flop together with N4 in 
figure 2 form a multi-input NOR gate. So long 
as every Q output is low the output of N4is high, 
therefore input 2 of NI in each module is high. 
When any button is pressed the output of the 
corresponding N1 goes low and the Q output of 
the associated flip-flop goes high, turning on TI 
and lighting the LED. Via D6 the input of N4 
goes high. The output thus goes low, taking the 
inputs of all N1’s low and inhibiting the push- 
buttons so that no other flip-flop may be set. 

The flip-flop which has been set may be reset 
ready for the next question by pushbutton Sp. 
By connecting additional modules as shown in 
figure 2 the circuit may be extended almost in- 
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CMOS FSK modulator 
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definitely. If desired the output of N4 may be 
used to drive a buzzer via a buffer transistor. 


P. Wendt 








In order to store digital information on a mag- 
netic tape or to transmit it over long-distance 
(telephone) lines, use is often made of a modu- 
lator which converts the digital signal into an 
FSK (Frequency Shift Keyed) signal. The ac- 
companying figure shows a circuit diagram of a 
simple and reliable FSK modulator which has 
the advantage of requiring no calibration. 

A crystal oscillator supplies a reference pulse 
train which is fed to the input of a counter, IC1. 
At the Q10 output of this counter is a signal with 
a frequency of approx. 2,400 Hz, whilst a signal 
with exactly half that frequency, i.e. approx. 
1,200 Hz, is available at the Q11 output. Since a 
crystal oscillator is used, the frequency of both 








these signals is extremely stable. 

Depending upon the logic level of the input 
signal, one of the above frequencies is fed to the 
output. Switching between the two frequencies is 
effected by means of flip-flop FF1, the outputs 
of which gate N3 and N4. Since the flip-flop is 
clocked by the 1,200 Hz signal, the FSK signal 
will always consist of ‘complete’ cycles of both 
1,200 and 2,400 Hz. This arrangement is necess- 
ary to facilitate demodulation of the FSK signal. 

With switch S1 in the position shown in the dia- 
gram, the modulator will output data at a speed 
of 300 Baud (= bits per second). By changing 
over the position of this switch a transmission 
rate of 600 Baud can be obtained, in which case 
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the frequencies used then become 2,400 and 
4,800 Hz. Since the number of bits per cycle 
therefore remains the same, the reliability of the 
. modulator is not affected. 
The amplitude of the output signal can be varied 
by means of P1. If the modulator is used with a 
cassetterecorder, it may prove necessary to 
include a lowpass filter between the modulator 
output and the recorder. A simple RC network 
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with a break frequency of roughly 5 kHz should 
do the trick. 

Although it is in fact available, the crystal 
(2.4576 MHz) may prove difficult to track 
down, in which case one can, of course, exper- 
iment with other crystal values and other counter 
outputs. 
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Electronic soldering iron 





A simple soldering iron regulator for 40 V irons 
can be constructed using only one opamp, a 
transistor and a handful of other components. 
‘The opamp is used as a comparator. The output 
from the temperature sensor in the iron is con- 
nected to the inverting input and compared with 








a reference voltage at the non-inverting input, 
set by P1. When the output from the tempera- 
ture sensor is lower than the reference voltage, 
the opamp output is high and transistor T1 is 
turned on. The relay pulls in and power is 
applied to the iron. At a certain point, as the 
8 = 4x 1Nao02 


Re = 12V, 50m 
IC) =a 3130 














iron heats up, the output from the temperature 
sensor will exceed the reference voltage causing 
the opamp output to swing negative, turning off 
TM. 

R6 introduces hysteresis to avoid relay ‘chatter’. 
D1 and D2 are included to stabilise the reference 
voltage. 

The calibration procedure is relatively simple. 
Most temperature sensors used in 40 V irons 





have a sensitivity of 5 mV/100°C. P1 is initially 
set to maximum. When power is applied, the 
relay will pull in. The output from the tempera- 
ture sensor can be monitored with a mV-meter, 
and P2 is then set so that the relay drops out 
when this voltage reaches 20 mV, corresponding 
to 400°C. Alternatively, P2 can be set so that the 
relay drops out soon after the iron has heated up 
to the point where solder is melted readily. 


0 - 30 V regulated supply 





This laboratosy power supply offers excellent 
line and load regulation and an output voltage 
continuously variable from 0 to 30 V at output 
currents up to one amp. The output is current 
limited and protected against output fault con- 
ditions such as reverse voltage or overvoltage 
applied to the output terminals. The circuit is 
based on the wellknown 723 IC regulator. As 
readers who have used this IC will know, the 
minimum output voltage normally obtainable 
from this IC is +2 V relative to the V— terminal 
of the device (which is normally connected to 
0 V). The problem can be overcome by connect- 
ing the V— pin to a negative potential of at least 
-2V, so that the output voltage can swing 
down to +2 V relative to thi to zero volts. 
To avoid the necessity for a transformer with 
multiple secondary windings the auxiliary nega- 





tive supply is obtained using a voltage doubler 
arrangement comprising C1, C2, D1 and D2 and 
is stabilised at — 4.7 V by R1 and D4. The use of 
—4.7 V rather than —2 V means that the differ- 
ential amplifier in the 723 is still operating well 
within its common-mode range even when the 
output voltage is zero. 

The main positiye supply voltage is obtained 
from the transformer via bridge rectifier B1 and 
reservoir capacitor C3. The supply to the 723 is 
stabilised at 33 V by D3 to prevent its maximum 
supply rating being exceeded and a Darlington 
pair T2/T3 boosts the output current capability 
to 1 A. The current limit is continuously variable 
by means of P3. 

The output voltage may be adjusted using P2, 
while preset P1 is used to set zero output voltag 
The supply is protected against reverse polarity 
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being applied to the output terminals by D7, and 
against overvoltages up to 63 V by D6. 

To set the output voltage to zero P2 is first 
turned anticlockwise (wiper towards R8) and P1 
is then adjusted until the output voltage is zero. 
With P2 turned fully clockwise the output volt- 
age should then be approximately 30 V. If, due 
to component tolerance, the maximum output is 


less than 30 V the value of R6 may require slight 
reduction. When constructing the circuit par- 
ticular care should be taken to ensure that the 
0 V rail is of low resistance (heavy gauge wire or 
wide p.c.b. track) as voltage drops along this line 
can cause poor regulation and ripple at the out- 
put. 7 





A surfeit of circuits has already been published 
for solid-state car battery voltage monitors. 
However, no design for a corresponding car 
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Car ammeter 


ammeter has so far appeared. This design rem- 
edies that omission. 
Resistor R1 is a shunt across which is a voltage 
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proportional to the current flowing through it 
(max 133 mV at 40 A). The voltage drop across 
this shunt is amplified by differential amplifier 
Al and used to drive a LED voltmeter compris- 
ing A2 to A8. With no current through the 
shunt, P1 is used to set the output voltage of Al 
to nominally 6.5 V, so that the circuit is just on 
the point of switching over from D4 to DS. 

When current is drawn from the battery, the 
right-hand end of the shunt will be at a lower 
potential than the left-hand end, so the output of 
Al will rise, and the discharge indicating LEDs 
DS to D8 will light successively as the current 
increases. When current flows into the battery, 
the converse is true, the output of A! falls, and 
the charge indicating LEDs D4 to D1 light suc- 
cessively. Of course, variation in battery voltage 
will also cause the output voltage of A! to rise 
and fall, which could give false readings. To 
overcome this the reference voltage for the LED 
voltmeter is not fixed but is also taken direct 





It may on occasion be desirable to display a digi- 
tal or analogue signal, on an oscilloscope, at a 
faster or slower rate than is possible with the 
built-in timebase. What is needed is then what 
might be called a ‘timebase scaler’. The most 


from the battery, so that it rises and falls with 
the output of Al. This does mean that the cali- 
bration of the meter varies slightly with battery 
voltage, but extreme precision is not a prerequi- 
site for a car ammeter. With the component 
values shown the calibration is nominally correct 
at a battery voltage of 13 V, but may vary by 
+ 15% if the battery voltage changes between 
11 Vand IS V. 

Several possibilities exist for RI. It can be 
wound using Manganin or Eureka resistance 
wire; alternatively the voltage drop along the 
lead between the battery and regulator box may 
be utilised by connecting one end of P2 to the 
positive battery terminal and the other end to the 
battery lead at the regulator box. P2 can then be 
used to calibrate the ammeter. If the voltage 
drop along the battery lead is insufficient it may 
be necessary to raise the gain of Al by increasing 
the value of R6. 


Timebase scaler 


useful way of doing this is to frequency-scale the 
input signal, by means of a bucket-brigade (ana- 
logue delay line), so that the display fits in nicely 
with the available sweep speed. This can be 
achieved by writing a ‘chunk’ of input signal 
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into the memory ‘buckets’ at one clock rate, 
then reading the same chunk out at a lower or 
higher rate. 

The simple circuit shown here will process ana- 
logue and digital signals up to 200 kHz. The 
total write-read cycle should not last longer than 
0.1 s (at normal temperatures), otherwise too 
much information will be lost in the leaky 
buckets, giving an unacceptably attenuated out- 
put. The actual bucket brigade (IC2, Reticon 
type SAD 512) is preceded and followed by DC- 
level shifters using 741’s. If the DC signal com- 
ponent is not of interest, the level-restorer (IC3) 
can be omitted and the signal taken out directly 
through a 100 nF capacitor. 

When the control voltage U is /ow, the ‘writing’ 
clock frequency fin is fed to the bucket brigade; 
when U is high the ‘read’ clock frequency (fg) is 
applied, During the write-phase there will in gen- 
eral also be an (unwanted) output signal; it may 


be desirable to also arrange to suppress the out- 
put when U is low. If the circuit is to process a 
periodic signal, the control voltage should be 
obtained from a trigger running on the input sig- 
nal, otherwise each chunk of output signal will 
start with a different phase. It will also be 
Mecessary to generate a number of write-periods 
per chunk at least equal to the number of 
buckets (512), to prevent ‘old’ information being 
read out. 

The circuit given contains three preset potentio- 
meters. Start by setting P1 to bring the output of 
ICI to about 5 volts. Then set P2 for minimum 
clock noise on the output signal. Now slightly re- 
adjust P1 to achieve symmetrical clipping of an 
excessive signal. Finally set P3 to give the 
required output DC level, preferably by setting 
the output to 0 volts with the circuit input 
shorted to earth. 





Model railway lighting 





Generally speaking, the internal lighting for 
model railway carriages is powered direct from 
the voltage on the rails. However, this voltage is 
also, used to power the locomotive and is varied 
to control the speed of the train. The result is 
that the brightness of the lighting varies with the 
speed of the train, and if the train is actually 
stopped, then the lighting will be completely 
extinguished. It goes without saying that such an 
arrangement involves a complete loss of realism. 
However, this problem can be resolved with the 
aid of the following circuit which ensures an 
independent supply for the carriage lighting. 

The circuit utilises the fact that a DC motor will 
not operate off an AC supply, and that, further- 
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more, has a fairly high impedance if the 
frequency of the AC voltage is high enough. 
This means that if a high-frequency AC voltage 
is super-imposed upon the normal (DC) supply 
voltage for the locomotive, it will have no effect 
upon the speed of the train, but it can be used to 
power the carriage lighting. To ensure that the 
lighting is supplied solely by the AC voltage, 
each carriage is DC decoupled by means of a 
capacitor. 

The principle behind the circuit is illustrated in 
figure 1. The inductor, L, prevents AC voltages 
from getting back into the DC power supply. 
Since this coil has to be able to withstand fairly 
large DC currents, it would be a good idea to use 
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the type of coil employed in loudspeaker cross- 
over filters. 

Figure 2 shows the circuit diagram of the circuit 
used to supply the necessary AC voltage. The 
circuit actually consists of a sinewave generator 
followed by an amplifier which can deliver a 
current of approx. 1.5 A for a maximum output 
voltage of 10 V RMS, i.e. sufficient to supply 
roughly 30 lamps. The frequency of the sinewave 
generator round IC1 is approx. 20 kHz. The gain 
of ICI is adjusted by means of P1 until a pure 
sinewave is obtained at the output of the IC. The 
amplitude of the output voltage is set by means 
of P2. The best results are obtained when P2 is 
adjusted such that, under maximum load con- 
dition (approx. 30 lamps), the output voltage 
exhibits minimum distortion. A polyester or 
polycarbonate (e.g. MKH) capacitor should be 
used for C7. If the value shown should prove 
unobtainable in a single capacitor, then several 
MKH (MKM) capacitors can be connected in 
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parallel. Since they cannot withstand large AC 
currents, the use of bipolar electrolytics is unsat- 
isfactory. For every carriage lamp a series 
capacitance of about 0.5 # is required. Thus, if 
the carriage lighting consists of two lamps, then 
the capacitor in series with these two lamps 
should have a value of approx. 14'F. Again, the 
use of MKH or MKM capacitors is recommen- 
ded. Finally, it should be noted that the output 
of the circuit is short-circuit proof, and that 
transistors T1 and T2 should be provided with 
heat sinks. 
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Frequency synthesiser 
controller 





In transceivers the desired frequency is often 
dialled into a frequency synthesiser by means of 
thumbwheel switches. This type of switch is not 
particularly cheap, so the alternative proposed 
here is worth considering. This circuit has the 
added advantage that a new frequency can be 
selected by means of two push-buttons which 
can be mounted next to the push-to-talk button 
‘on the microphone — a useful feature, particu- 
larly for mobile use. 
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The basic principle of a frequency synthesiser is 
fairly straightforward. The output frequency of 
a voltage controlled oscillator (VCO) is divided 
by a presettable number. The result is compared 
with a fixed reference frequency, and some type 
of control system (usually a PLL) adjusts the 
frequency of the VCO so that the result of the 
division has the same frequency as the reference. 
The net result is that the output of the VCO is 
equal to the reference frequency multiplied by 





the division ratio, so that it can be easily and 
accurately tuned in a succession of fixed steps by 
altering this division ratio. 

In the circuit described here, the VCO output 
(fyco) is divided by 1C3, IC4 and ICS. These 
counters are set in the decimal down-count 
mode. Each time they reach zero (000) the carry- 
out pulse of ICS is fed through N10 to the preset- 
enable inputs of these three ICs. IC3 and IC4 are 
then preset to the decimal number determined by 
two further divide-by-ten counters, IC1 and IC2, 
and ICS is preset to 1111. The same pulse is fed 
to one input of the PLL, where it is compared 
with the reference frequency. The output fre- 
quency of the pulses from N10 must therefore be 
equal to the reference frequency and, since the 
VCO output is used to clock the counters, the 
output frequency of the VCO must therefore be 
equal to the reference frequency multiplied by a 
number ‘9XY’, where X and Y are the ‘preset’ 
values stored in IC2 and IC! respectively. As an 
example, if the reference frequency is 1 kHz the 
tuning range will be from 900 to 999 kHz in 1 
kHz steps. If the preset number in ICI is 4 and 
the number in IC2 is 6, the output frequency in 








this case will be 964 kHz. 

If ICI and IC2 where thumbwheel switches, the 
circuit would be fairly conventional. However, 
they aren’t. As noted earlier, these ICs are deci- 
mal counters and they will only ‘store’ a number 
as long as they do not receive count pulses. SI 
and S2 are used to set up the required count, S1 
causing them to count up and S2 resulting in 
count-down. If either of these buttons is pressed 
briefly, the count will change by one. However, 
if the button is held down the count will continue 
to change in the direction determined by the 
choice of pushbutton (SI increasing the count 
and S2 decreasing it), whereby the rate at which 
new values occur increases if the button is held 
down for any length of time. 

Starting from the pushbuttons, this part of the 
circuit operates as follows. N6 and N7 suppress 
contact bounce for Sl; similarly N8 and N9 
clean up the output from $2. When either of the 
buttons is operated the corresponding output 
(from N6 or N8) goes low, so the output of NS 
goes high and N3 is enabled. This gate will now 
pass the output of the voltage-controlled square- 
wave generator, consisting of NI and N2, to the 
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clock inputs of ICI and IC2. The clock fre- 
quency from NI and N2 depends on the output 
state of N4: If this output is high the clock fre- 
quency is low and vice versa. 

Initially, C3 is discharged, the output of Né is 
high, and the clock frequency is low. However, 
if a pushbutton is held down the output of NS 
will remain high, charging C3 through R3. After 
a short time C3 will have charged sufficiently for 
the output of N4 to change state and the clock 
frequency will increase. As soon as the button is 
released C3 will discharge rapidly through D2 
and NS. When SI is operated, the output of N6 
is low and the output of N8 is high, so ICI and 


1C2 are in the up-count mode. When S2 is oper- 
ated, the output of N6 is high but the output of 
N8 is low; this output state switches both coun- 
ters into the down-count mode. 

Both ICI and IC2 can be preset at initial switch- 
on of the circuit. To this end C4 and R4 are 
included; these components enable the preset 
inputs of these counters briefly when power is 
first applied. Any desired initial setting can be 
programmed (in BCD) by connecting the preset 
inputs of ICI and IC2 to positive supply or 
supply common. This possibility is symbolised in 
the circuit by the rectangle labelled ‘preset’. 
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Modulatable power 
supply 





This DC power supply, whose output voltage 
can be modulated by an audio-frequency or 
other LF signal, is intended for such applications 
as modulation of Gunn-diode oscillators and 
amplitude modulation of transmitter output 
stages. 

The supply basically consists of an amplifier 
with a gain of 2, comprising a 741 op-amp and 
an emitter follower, T2, to boost the output 
current capability, The DC output voltage of the 
amplifier may be set between 6 V and 8 V by 
means of P1, whilst an AC signal may be fed in 
via Cl to modulate the supply voltage between 
about 3 V and 10 V. The frequency range of the 
circuit is approximately 200 Hz to 30 kHz. The 
off-load current consumption of the supply is 
around 5 mA and the maximum current that the 
supply will deliver is about 800 mA at 6 V, 
provided T2 has an adequate heatsink. 
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Squarewave oscillator 





Using almost any operational amplifier it is 
possible to build a simple and reliable square- 
wave oscillator. The design is free from latch-up 
problems sometimes experienced with conven- 
tional multivibrators, the frequency is indepen- 
dent of supply voltage and the circuit uses only 
six components. Operation of the circuit is as 
follows: at switch-on Cl is discharged. The in- 


verting input of ICI is thus at zero volts while 
the non-inverting input is held positive by R1 
and R2. The output of ICI therefore swings 
positive, so that the non-inverting input is held 
at about 2/3 supply voltage by R1, R2 and R3. 
Cl now charges from the output of ICI via R4 
until the voltage across it exceeds the voltage at 
the non-inverting input, when the output of ICL 
































wesee text 780431 
swings down to about zero volts. The exact posi- 
tive- and negative-going output swing achieved 
depends on the type of opamp used. The non- 
inverting input of ICI is now at 1/3 supply volt- 
age. 

C1 now discharges through R4 into the output of 
ICI until its voltage falls below that on the non- 
inverting input, when the output of ICI again 
swings positive and the cycle repeats. Since vari- 
ations in supply voltage equally affect the charg- 
ing of Cl and the threshold levels at which the 
opamp output changes state, these two effects 
cancel and the oscillation frequency is indepen- 
dent of supply voltage. 

The frequency of oscillation is given 








by f = —___ 
(1.4) Racy 
where fis in Hertz 
R4isin Ohms 
Clisin Farads 


Alternatively, if R4 is in kilohms and C1 is in 
microfarads then f will be in kilohertz. 

Practically any opamp may be used in this cir- 
cuit and table 1 lists several popular opamps, 
together with the supply voltage range over 
which each may be used and the maximum oscil- 
lation frequency which is typically obtainable. 
The duty-cycle of the squarewave should be 


Table 1. 

Op-amp lowest highest highest 
supply supply frequency 
voltage voltage 

709 5 Vv 36V 325 kHz 

741 3.5V 36V 100 kHz 

(triangular 
output above 
30 kHz due 
to slew-rate 
limiting) 

CA3130 3 V 16 V 275 kHz 

CA3140 5 V 36V 200 kHz 

CA3100 8.5 V 36 V 275 kHz 

LF357, 3 OV 36V 325 kHz 

LM301 3 Vv 36V 325 kHz 





50%, but due to slight asymmetry in the output 
stages of the opamps this will not be the case. 
The only opamp amongst those listed which will 
sive a duty-cycle of exactly 50% is the CA 3130, 
At low supply voltages it may also be found that 
the frequency changes with supply voltage due to 
variations in the output characteristics of the op- 
amps. However, with supply voltages greater 
than 10 V this should not be a problem. 

The working voltage of C1 must be at least 2/3 
of the supply voltage. 
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Temperature- 
compensated 





The popular 723 IC regulator has an on-chip ref- 
erence voltage with a fairly low temperature 
coefficient. By using a simple gimmick the 723 
can be used as an ‘oven’ to maintain itself (and 
hence the reference voltage) at a virtually con- 








stant temperature, thus practically eliminating 
the temperature dependence of the reference 
voltage. The 723 is connected as a unity-gain 
non-inverting amplifier, to whose input is fed a 
voltage 
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Uref x Rs 
R3 + Ry 


‘This causes a current to flow through load re- 
sistor R5 via T1 and T2, the output transistors of 
the 723. The power dissipated in these transistors 
causes the chip temperature to rise. The tem- 
perature of the IC is between 60 and 70°C, i.e. 
just bearable to the touch. The adjustment pro- 
cedure may take some time as it will be necessary 
below the value set by P] then T3 will turn on, 
cutting off the output current until the chip tem- 
perature has fallen sufficiently for T3 to turn off 
again. 

The result is that the chip, and hence the refer- 
ence voltage, is held at a virtually constant tem- 
perature. Obviously the chip temperature must 
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be maintained considerably higher than ambient 
for correct operation (since the circuit cannot 
cool the chip to a temperature below ambient) 
and P1 is provided to adjust the chip tempera- 
ture. Pl should be adjusted until the case tem- 
perature of the IC is between 60 and 70°C, i.e. 
just bearable to the touch. the adjustment pro- 
cedure may take some time as it will be necessary 
to allow the chip temperature to stabilise after 
each adjustment of P1. The best procedure is to 
turn the wiper of Pl towards R1, switch on and 
allow to stabilise, measure the temperature, re- 
adjust P1, allow to stabilise etc. 

The value of RS is dependent on the supply volt- 
age used and should be 33 ohms for voltages 
between 9 V and 15 V, 68 ohms for 15 V to 25 V 
and 100 ohms for 25 V to 35 V. 
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Frequency synthesiser 





The output frequency of this squarewave gener- 
ator can be programmed in 1 kHz steps from 1 
kHz to 999 kHz. The heart of the circuit is a 
4046 CMOS phase-locked loop which has an ex- 
tremely wide capture range. 

The output of a 1 kHz clock generator, N1/N2, 
is divided down by FFI to give a symmetrical 500 
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Hz squarewave output, which is fed to one of the 
phase comparator inputs of the 4046 (IC6). The 
Voltage Controlled Oscillator (VCO) output of 
1C6 is fed to the second input of the phase com- 
parator via a programmable frequency divider 
(IC3-ICS) and FF2. 

The VCO output frequency of the PLL adjusts 










































































itself until the output of FF2 has the same fre- 
quency and phase as the clock output from FF1. 
If the division ratio set on switches SI to $3 isn 
then the VCO frequency must obviously be n 
times the 1 kHz clock frequency. Setting a 
number n on switches SI to $3 therefore gives an 
output frequency of n kHz. The VCO output 
from pin 4 may be used to drive CMOS circuits 
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direct, however, for other applications a transis- 
tor buffer may be required. 

If greater frequency accuracy is required then 
the clock oscillator may be replaced by a more 
stable 1 kHz reference frequency such as the 
divide-by-10? output of the IC counter timebase 
described elsewhere in this book. 





Scope calibrator 





It is comforting to believe in the infalliblé accu- 
racy of one's test instruments, especially when 
there are no other standards around to contra- 
dict them. However, instruments, and particu- 
larly complex ones such as oscilloscopes, tend to 
drift with age, and if more than a year or so old 
can be highly inaccurate. This simple calibrator 
will check the gain and bandwidth of the Y 
amplifiers and attenuators and the frequency 
calibration of the timebase. It is so compact that 
it can be built into virtually any oscilloscope, 





making regular calibration a simple procedure. 

Since the Y attenuators and timing capacitors in 
an oscilloscope are usually fairly stable com- 
ponents most of the drift generally takes place in 
the X and Y amplifiers and the rest of the time- 
base circuitry. Thus an oscilloscope will fre- 
quently agree with itself between different Y sen- 
sitivity and timebase ranges, even though the 
calibration may be wildly inaccurate with refer- 
ence to an external standard. Gross discrep- 
ancies between ranges usually occur only in the 
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Figure 1. Circuit of the calibrator. 


Figure 2. Output waveform of the call- 
brator. 


Figure 3. Printed circuit board and com- 
ponent layout for the calibrator. 


Photo 1. Oscillograph of the calibrator out- 
put waveform. 





Photo 2. An expanded view of a portion of 
the waveform as seen on a correctly calli- 4 
brated oscilloscope. . 


Photo 3. The waveform of photo 2 seen on 
an oscilloscope with poor h.f. respon: 








event of a fault in the circuit and a drift in the 
overall calibration may go unnoticed for some 
time. 

The simple circuit of the calibrator is given in 
figure 1. It consists of a 555 timer connected as 
an astable multivibrator with a period of 1.5...2 
ms. This is gated on and off by Tl, which is 
driven by a 50 Hz signal. The complete output 
waveform, shown in figure 2, comprises a burst 
of pulses (approx. 2 ms) followed by a 10 ms 
gap, followed by a further burst of pulses and so 
on. The time from the start of one burst of 
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Parts List 
Resistors: 

Ri = 470 Q* 
R2 = 68 * 
R3=1k 

R4 = 68k 

R5 = 18k 

* see text 
Capacitors: 

1 = 22n 
Semiconductors: 
D1 = 1N4148 
T1 = BC547B, BC107B 





C1 = 555 timer 


pulses to the start of the next burst is equal to the 
period of the 50 Hz waveform i.e. 20 ms. This 
can be used to calibrate the oscilloscope time- 
base. The amplitude of the calibration signal is 
approximately equal to the supply voltage, 
which can be measured with a multimeter. The 
amplitude of the waveform can then be used to 
calibrate the Y amplifiers. 

The 2 ms pulses are useful for checking the 
bandwidth of the Y amplifiers and the compen- 
sation of the Y attenuators and also for cali- 
brating oscilloscope probes. Photo 1 shows an 
oscillograph of the complete test waveform, 
while photo 2 shows the pulses as seen on a cor- 
rectly calibrated oscilloscope. Photo 3 shows the 
effect of poor highfrequency response due to in- 





correct adjustment of the compensation trim- 
mers in the Y attenuator. 


Construction 

A printed circuit board and component layout 
for the calibrator are given in figure 3. This is 
very compact and can easily be mounted inside 
most oscilloscopes. It is assumed that the necess- 
ary supply voltage can be derived from the os- 
cilloscope power supplies. With modern transis- 
tor oscilloscopes this should be no problem, the 
supply can probably be derived from one of the 
low-voltage supplies in the oscilloscope either- 
direct or via a simple zener stabilizer. 

The anode of D1 is simply connected to one of 
the low voltage secondaries of the oscilloscope 
mains transformer. The values of R1 and R2 de- 
pend on the secondary voltage: RI = 4709 up 
to8V;R1I = 680Q from 8Vto 11 V;R1 =1k 
from 11 Vto 16 V; R1 = 1k5 from 16 V to 23 V; 
R1 = 3k9/4 W and R2 = 150 from 23 Vto 
40V. R2 = 689 , asshown, up to 23 V. 
Installation in Older, valve-type oscilloscopes 
may pose a problem and it may be preferable to 
instal a separate power supply for the calibrator 
using a miniature’ mains transformer and a 
simple zener stabilized supply, Care should then 
be taken that the magnetic field of the trans- 
former does not affect the performance of the 
oscilloscope. 

The output of the calibrator can be brought out 
to a socket on the front panel of the oscilloscope 
so that the calibration can easily be checked by 
inserting a probe into the socket. 
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Electronic open fire 





Many electric fires are equipped with a special 
coal- or log- effect to simulate the appearance of 





an open fire. This effect is sometimes spoilt, 
however, by the fact that the lamp provides a 
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constant rather than a flickering light. The cir- 
cuit described here is intended to remedy that de- 
fect. ‘ 


There is no doubt that most people find the sight 
of an open fire pleasing. There seems to be 
something soothing in watching the flames 
flicker and play about the coals. On the other 
hand, coal fires are difficult to light, slow in 
producing heat, and also extremely messy to 
clean out. For this reason many people prefer 
the convenience and speed of an electric fire, and 
reluctantly relinquish the pleasures of a hearth 
fire. Manufacturers of electric fires have realised 
this fact, and attempted to entice the consumer 
to buy electric by fitting the front of their fires 
with a coal- or log effect. Unfortunately, the 
lamps which are used to illuminate these fronts 
sometimes provide only a constant light, thereby 
considerably diminishing the realism of the ef- 
fect. However, using only a handful of com- 
ponents from the junk-box, it is possible to 
construct a small circuit to restore the ‘flicker’ in 
your fire. 

The way the circuit functions is quite simple. 
When power is applied capacitor C1 is charged 
via the lamp, resistor R2 and diode D1. After 
several half cycles of the mains supply, the volt- 
age across this capacitor exceeds the trigger volt- 
age of diac Dil. This diac in turn triggers thry- 
ristor Th1, with the result that capacitor C2 
charges up rapidly through this thyristor and 
D1. However, when the mains voltage next 
crosses zero, this thyristor turns off. Capacitor 
C3, which is part of the trigger circuit of Tril, is 
now charged rapidly by capacitor C2 via resistor 
R3. This ‘DC bias’ on C3 decreases as capacitor 
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Thy! = Thyristor, 400 V/1 A 


Tri 1 = Triac, 400 V/4.A 


C2 discharges, This in turn results in a gradual 
change in the triggering angle of the triac, caus- 
ing the lamp La to flicker. Once Cl has again 
reached the trigger voltage of the diac, the entire 
cycle repeats itself. 

As far as component values are concerned, care 
should be taken to ensure that the maximum cur- 
rent taken by the triac is at least twice the iwaxi- 
mum current drawn by the lamp La. For a nor- 
mal sized fire a 4 A type should prove sufficient, 
The triac must also be able to withstand the peak 
mains voltage i.e. approx. 400 V. A 400 V (1 A) 
thyristor should also prove suitable, D1 may be 
any commonly available 600 V rectifier diode. 
During construction it should be remembered 
that the full mains voltage may appear across 
any point in the circuit. For this reason it should 
be well insulated. 


S. Kaul 





Common-base 
virtual-earth mixer 





The most usual form of virtual-earth mixer con- 
sists of an inverting amplifier with the inputs to 
be mixed (or more accurately summed) being fed 
via resistors to the virtual-earth point at the in- 
verting input. However this unusual circuit util- 
ises a single transistor operated in common-base 
configuration, and does not invert the input sig- 
nals, 

TI receives a constant base bias voltage from 
R1, D1 and D2, and thus the emitter voltage is 
also held constant at about 0.6 V. A constant 


0.6 





current of thus flows through R2. As- 


R2 
suming, for simplicity, that the mixer is dealing 
with AC input signals, under quiescent (no sig- 
nal) conditions the DC current through R2 is al- 
most entirely supplied by T1 and is almost equal 
to the collector current. 
If an AC signal is applied to one of the input re- 


sistors R5 then an AC current = will flow 
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through R2. Since the total current through R2 
remains constant the proportion of that current 
supplied by T1 will vary in sympathy with the in- 
put signal and an AC output signal will appear at 


the collector of TI, The gain of the mixer is B= 
so, assuming all the R5’s are the same, the out- 


R: 
put voltage Uo = e (U1 + Uz + Us + eres 


+ Un). 

As the emitter of Tl remains at constant voltage 

it is an almost perfect virtual-earth summing 

point. The distortion factor of the mixer is deter- 

mined almost exclusively by the linearity of the 

current gain in the common-base configuration, 
hfe 

1+ hfe” 

If a high-gain transistor (large hfe) is used then 

the current gain will be almost unity and vari- 

ations in hfe will have little effect, so the distor- 

tion will be low. 

‘The input resistance of the circuit is equal to RS, 

so R5 must obviously be made equal to the de- 

sired input resistance. R3 is chosen equal to 


RS where nis the number of inputs. 


n 
Finally, for optimum results R2 should be made 


which is 





equal to aera . This fixes the DC collector 
b 


current of TI and sets the collector voltage to 
around half supply. 

As an example, if RS is 33 k and there are four 
inputs the value of R3 is 8k2. With a supply volt- 
age of 15 V R2 is thus 680 Q (these are nearest 
preferred resistors to actual Values). 
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CMOS alarm circuits 





Because of their low cost, high input resistance, 
good noise immunity and wide supply voltage 
range CMOS logic circuits lend themselves to the 
construction of cheap and reliable alarm circuits 
for various applications. 

Figure 1 shows a basic alarm oscillator construc- 
ted around two CMOS NAND gates. As long as 
input Q is low the circuit remains inactive. When 
input Q goes high the circuit begins to oscillate, 
switching T1 and T2 on and off and producing 
an alarm signal from the loudspeaker. 

Figure 2 shows a circuit for triggering the alarm 
after a preset time delay that can be varied be- 
tween one second and one minute. On switch-on 
the input of N2 is briefly held low by C2, so the 
flip-flop is reset and the Q output is low. Cl now 
charges via Pl so that the input voltage of NI 
falls until the flip-flop is set and the Q output 
goes high. 

Figure 3 is an alarm circuit that is triggered when 
a circuit is broken, this is particularly useful in 
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burglar alarm systems where several switches can 
be connected in series. The input of NI is nor- 
mally pulled high via the switches, but if a switch 
is opened the input of NI will be pulled down by 
the resistor, setting the flip-flop and triggering 
the alarm, If the resistor is connected up to + 
supply and the switches are connected in parallel 
down to ground then the alarm can be triggered 
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by closing a switch. 

Figure 4 shows an alarm circuit that responds to 
light. In darkness the resistance of the LDR is 
high and the input of N1 is pulled high by R1 
and P1. If light falls on the LDR the resistance 
falls and the input of N1 is pulled down, setting 
the flip-flop and triggering the alarm. 
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This circuit employs an unusual method of prod- 
ucing a sinewave signal and, unlike most sine- 
wave generators, requires no amplitude stabilis- 
ing components such as thermistors or FETs. NI 
and N2 are connected as a Schmitt trigger at 
whose output appears a squarewave (how this 
happens will become apparent). The squarewave 
signal is fed into two cascaded selective filters 
consisting of IC2/T1, IC3/T2 and their associ- 
ated components. The filters remove the har- 
monic content of the squarewave leaving only 
the sinusoidal fundamental. This signal is fed 
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Spot-frequency sinewave 
generator 


back via Cl to the input of the Schmitt trigger, 
At cach zero-crossing of the sinewave the 
Schmitt trigger changes state, thus producing the 
original squarewave that is fed to the input of 
IC2. P1 adjusts the trigger point of the Schmitt 
trigger, which varies the duty-cycle of the 
squarewave and hence the sinewave purity. By 
suitable adjustment of P1 distortion levels of 
0.15% to 0.2% can be achieved. With the ICs 
used lower figures are not possible due to the dis- 
tortion introduced by IC3 and T2. 

N3 and Né4 also function as a Schmitt trigger, 
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which further speeds up the leading and trailing 
edges of the squarewave from N2. A squarewave 
signal with short rise and fall times, synchron- 
ised to the sinewave signal, is available at the 


outputs of NS and N6. The value of C for a par- 
0.34 


ticular frequency fy is given by C ( HF) = 
fo (Hz) 








BE Signal injector 


























Many people consider the use of signal injectors 
to be something of a ‘brute force’ method of 
faultfinding. However, a signal injector can eas- 
ily be carried around in the pocket and is often 
the service engineer’s ‘first line of defence’ when 
undertaking repairs in the customer's home. 
Certainly a signal injector is much more portable 
than an array of sophisticated signal generators. 


Most of the cheap signal injectors on the market 
produce a squarewaye output at about 1 kHz. 
Since the squarewave is rich in harmonics ex- 
tending up into the Megahertz region these are 
useful for testing r.f. circuits, as well as using the 
fundamental for audio testing. 

The signal generator described here differs 
slightly in that the 1 kHz squarewave is keyed on 
and off at about 0.2 Hz, which makes it easier to 
trace. 

Figure 1 shows the complete circuit of the signal 
injector. The keying oscillator consists of an 
astable multivibrator built around two CMOS 
NAND gates N1 and N2. This switches on and 
off T1, which drives a LED to indicate when the 
signal is on. The 1 kHz squarewave generator 
also consists of an astable multivibrator, which 
utilises the two remaining NAND gates in the 
4011 package. This astable is gated on and off by 
the first astable. The output of the 1 kHz oscil- 
lator is buffered by transistors T2 and T3, the 
output being taken from the collector of T3 via a 
potentiometer P1 which serves to adjust the out- 
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put level. The maximum output is approximately 
equal to the supply voltage (5.6 V). Diodes D1 
and D2 provide some protection for T2 and T3 
from external transients, and C6 isolates the cir- 
cuit from any DC voltage in the circuit under 
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Parts List 


Resistors: 
Ri, R2, R5, R6 = 10M 
100 k 





1 = 1k preset 


Capacitors: 


C1 = 100H/6V 
C2, 03 = 470n 


test. If the signal injector is to be used to test cir- 
cuits having high voltages present, especially 
mains (e.g. television sets) then C6 should be 
rated at 1000 V working, in which case it will be 
too large to mount direct on the p.c. board, the 
layout for which is given in figure 2. It is also a 
good idea to mount the complete circuit inside a 
box made of insulating material, especially when 
working on live chassis equipment such as a tele- 
vision set. D1 and D2 should be types capable of 
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C4, C5 = 100p 
6 = 100 n/250 V (see text) 


Semiconductors: 





1C1 = 4011 
T1 = TUP 
12, T3 = TUN 





D1, D2 = DUS (see text) 
3 = LED (e.g. TIL209) 


Miscellaneous: 


$1 = SPST switch 
4x 1.4 V mercury batteries 


handling any transient voltages and currents 
likely to be encountered. 

Power for the circuit can be provided by four 
1.4 V mercury batteries. The exact type of bat- 
tery chosen is up to the individual constructor, 
but should neither be so small that the battery 
life is too short, nor so large that the complete 
instrument is too bulky. 


J.W. van Beek 






Precision V to f converter 





Although this Voltage Controlled Oscillator uses 
only two CA3130 opamps the linearity of its 
voltage/frequency transfer characteristic is bet- 
ter than 0.5% and its temperature coefficient 
less than 0.01%/°C. 

The circuit operates as follows: IC1 functions as 
a voltage controlled multivibrator. Assuming 
that the output voltage of ICI is initially +15 V, 
C1 will charge via D3, R4 and P4 with a time 
constant (R4 + P1) Cl until the voltage on the 
inyerting input of IC1 exceeds that on the non- 
inverting input. Neglecting D1 and D2 for a mo- 
ment this is approximately 10 V, set by the po- 
tential divider R1, R3 and R2. The output of ICi 
will now swing down to zero and the voltage on 
the non-inyerting input will fall to about 5 V due 
to the hysteresis introduced by R3. 

Cl will now discharge into the output of IC2 at a 
rate determined by R7 and the output voltage of 
IC2 until the voltage on the inverting input of 
ICI falls below 5 V, when the output of ICI will 
swing up to +15 V again and the cycle will re- 
peat. The output waveform of ICI thus consists 
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of a series of positive pulses whose duration (T2) 
is a constant and whose spacing (T1) depends on 
the output voltage of IC2. 
The output voltage of IC1 is filtered by R6 and 
C3 to give a DC voltage (V2) equal to the average 
value of the [C1 waveform i.e. 

V2 = 15x me 

Ty 

Since T2 is constant V2 is proportional to 1/T1 
i.e. proportional to the output frequency of IC1. 
The input voltage Vj) is applied to the inverting 
input of IC2, which functions as an integrating 
comparator. If V; is less than V2 the output of 
1C2 will ramp positive. C1 will thus discharge at 
a slower rate, making the interval T1 longer and 
reducing V2. If Vj is greater than V2 then the 
output of IC2 will ramp negative towards 
zero) making C1 discharge more quickly and re- 
ducing T1. When V; and V2 are equal the output 
voltage of 1C2 will remain constant. 
The circuit will thus always reach equilibrium 
with V; = V2. However, since V2 and the output 
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D1,,,.D8= DUS 


frequency of ICI are proportional then the out- 
put frequency of IC1 is also proportional to the 
input voltage Vj, since V) and V2 are equal. 

A few small refinements are added to improve 
the temperature stability of the circuit. The tem- 
perature coefficients of D3 and D4 could intro- 
duce errors by varying the charge and discharge 
times of C1, so these are compensated by includ- 
ing identical diodes in series with R3 to produce 
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a similar variation in the reference voltage at the 
non-inverting input of IC1. 

P2 is included to null the offset voltage of 1C2 
which would otherwise cause a zero error. 

Pl provides fine adjustment of the conversion 
ratio, which with the values given is about 
1 kHz/volt. 


Lit.: RCA Application Notes 





Monitor switching for 
two tape decks 





Although modern audio amplifiers frequently 
sport an abundance of (seldom-used?) gim- 


micks, very few amplifiers possess comprehen-* 


sive tape switching and monitoring facilities. 
Most have only a single tape socket, with facili- 
ties for making a recording onto one tape deck 
and monitoring that recording, and have no pro- 
vision for a second tape deck. 

The simple switching circuits described here will 
allow recording from disc or other sources onto 
two tape recorders, either one at a time or simul- 
taneously, with monitoring of both recordings. 
In addition, transcription from either tape re- 





corder to the other is possible, while at the same 
time a totally different source (disc, tuner, etc.) 
can be played through the amplifier. 

The switching circuit is shown in figure 1. The 
function selector switch of the amplifier (disc, 
tuner, aux, etc.) is represented by S1. S2 and S3 
are part of the switching unit. With S3 in its 
centre position a signal can be taken from the 
source to the record inputs of both tape re- 
corders. With S! in position 1 ->2 the playback 
output of one tape deck is fed to the record input 
of the second, while in the 2 —> 1 position the 
playback output of the second deck is fed to the 
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record input of the first. 

Whatever the position of S3, monitoring of tape 
1, source, or tape 2 is possible by means of S2. 
Therefore, with S3 in position 1 > 2or2 1 it 
is still possible to listen to disc, tuner, etc. by set- 
ting S2 to its centre position. For clarity only the 
left channel is shown, but the right channel is 
identical. 

The circuit may be incorporated into the ampli- 
fier by inserting it between the output of the 
function switch and the input of the next stage of 
the amplifier. The original tape monitor switch 
(if fitted) can be discarded and replaced by S2, 
while an extra hole must be drilled in the front 
panel for $3. 

Alternatively the switching unit can be mounted 
in its own box and can be connected to the 
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amplifier via the existing tape socket. The output 
to the unit is simply taken from the record pin of 
the tape socket, and the input back to the ampli- 
fier from the rotor of S2 is taken to the replay 
pin of the tape socket. The amplifier must then 
be operated with the tape monitor switch de- 
pressed. 

Astlight modification to the circuit, shown in fig- 
ure 2, allows recording from disc while listening 
to a different source. With S4 in the left-hand 
position the output of the disc preamp can be 
tapped off and fed to the tape decks, while S1 
can be in any of its four positions, thus allowing 
disc or some other source to be listened to at the 
same time. The recording may also still be moni- 
tored by setting S2 to ‘tape 1’ or ‘tape 2’. 
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AMIFM alignment 
generator 





This circuit can be used to align IF strips with a 
frequency of 455 kHz. The generator produces a 
455 kHz signal which, depending upon the pos- 
ition of switches S1 and S2, is either amplitude- 
or frequency modulated. 

The actual oscillator is built round FET Tl. A 
conventional IF transformer is used to determine 
the frequency. The alignment generator is tuned 
to the correct frequency by passing the output 


signal through a ceramic IF filter. After rectifi- 
cation the signal can be measured on a voltmeter 
to ascertain at which setting of the IF trans- 
former coil the amplitude of the signal is 
greatest. The frequency of the generator should 
then coincide with the desired value of 455 kHz. 

The circuit is provided with the possibility of 
AM and FM modulation. When the generator is 
being aligned, switch S1 should be open, thereby 
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preventing modulation of the output signal. The 
modulation signal is generated by the low fre- 
quency oscillator round T3. 

Amplitude modulation is realised by modulating 
the supply voltage of T1 via T2. S2 should then 
be in the ‘AM’ position. Frequency modulation 
(S2in the ‘FM’ position) is obtained by means of 
the varicap diode, D4. In both cases the modu- 


Parts list 


Resistors: 

Ri, R2 = 2209 

R3 = 1009 

R4 = 4709 

RS, R7, R9, R10, R12 = 1M 

R6 = 3k3 

R8 = 2k2 

R11, R13, R14 = 5k6 

P1 = 4k7 (6 k) preset 
potentiometer 


Capacitors: 


C1, C6, C7 = 100n 
C2 = 180p 


G2 


lation depth can be varied by means of P1. 

The output signal of the alignment generator is 
taken from the secondary winding of the IF 
transformer. Depending upon the desired output 
voltage and impedance, the series output re- 
sistor, R15, can have any value above 1009. . In 
most cases a value of 1 k should prove sufficient. 


C3 =1n 
C4, C5 = 100p 
C8 = 330n 


C9, C10, C11 = 68n 


Semiconductors: 

71 = BF 245B, BF 256B, 2N3819 
T2,T3 = TUN 

D1, D2, D3 = DUG 

D4 = BB 105 

D5 = zener diode 10 V 


Miscellaneous: 


K1 = 455 kHz (Murata) ceramic filter 
Tr = Toko 11100, 12374 IF transformer 
(or equivalent) 


Poltergeist 





The title of this article should really be ‘remote- 
controlled poltergeist-imitator’. By operating a 
miniature ultrasonic transmitter concealed for 
example in one’s jacket pocket, a receiver hidden 
somewhere in the room will simulate the sound 
of a poltergeist loose in the house. Should the 
authentic poltergeist then fail to put in an ap- 
pearance, the ambitious ghost-hunter can ensure 
success by virtue of his electronic stand-in. 

The idea behind this article is not to put the pol- 
tergeist out of a job, but rather to provide a little 
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innocent fun for those of our readers inclined to 
practical jokes. 

The miniature ultrasonic transmitter which is 
concealed on the person of the user consists of a 
handful of components, and the current con- 
sumption is negligible (approx. 0.3 mA). When 
the receiver, which is hidden somewhere in the 
same room, picks up the ultrasonic signals from 
the transmitter an audio generator is activated. 
A loudspeaker then audibly signals the presence 
of our noisy visitor, the poltergeist. The maxi- 
mum transmission range is approx. 4 to 5 
metres. 
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The transmitter 

As is apparent from figure 1, the ultrasonic 
transmitter requires little more than one IC type 
4011 and an ultrasonic transducer. 

‘The four gates of the IC are used to form two 
astable multivibrators; the frequency of the first 
(NS, N6) is approx. 1 Hz, whilst that of the sec 
ond (N7, N8) is roughly 40 kHz. Closing SI 
starts the first AMV, which triggers the second 
AMV at 1 second intervals. This second AMV 
then produces a burst of 40 kHz ultrasonic sig- 
nal, lasting only a few milliseconds. As a glance 
at the circuit diagram makes clear, the circuit is 
ideally suited for miniaturisation; as already 
mentioned, the current consumption is so small 
as to be negligible. 








The receiver 

Figures 2a, 2b and 2c show the circuit diagram 
of the receiver. The input signal is fed to a two- 
stage amplifier, each stage consisting of a pair of 
DC-coupled transistors. The gain of the second 
stage (T3/T4) is preset by means of P1. The total 
gain should not be set higher than is necessary to 
ensure good reception, otherwise the receiver be- 
comes oversensitive and prone to interference. 
To prevent the circuit being triggered by spuri- 
ous pulses, the amplifier is followed by a voltage 
comparator with an adjustable threshold (R13/ 
RIS/P2 and N1). The trigger threshold may be 
varied by means of P2, and the best setting for 
this potentiometer should be determined exper- 
imentally. 

Once the signal has passed the trigger stage it is 
rectified, then buffered by N2 and N3, before 
being fed to the audio generator N4 (figure 2b). 


























Figure 1. The circuit diagram of the polter- 
geist-transmitter. The frequency of the 
ultrasonic signals can be adjusted by 
means of potentiometer P1, to find the 
greatest transmission range. 





Figure 2. The circult diagram of the re- 
celver. Both Valvo and Murata ultrasonic 
transducers are sultable for the transmitter 
and receiver. 
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This gate is connected as an inverter, and feed- 
back is applied via a twin-T filter network. At 
the resonant frequency fo the phase shift of the 
twin-T network is 180°, so that the stage will 
oscillate at this frequency. 

P3 should be adjusted so that the audio gener- 
ator just fails to oscillate under quiescent con- 
ditions. Only when the oscillator receives a trig- 
ger pulse from N3 will it produce an output in 
the form of a decaying oscillation. With the 
component values shown, the resultant sound is 


similar to that of someone rapping their knuck- 
les on a wooden table. The tone of this sound 
can be altered by varying the values of R18, R19, 
R23, C11, C12 and C13. > 

Finally, IC2, TS and 16 form a very simple 
audio amplifier which drives an 8 loud- 


speaker (figure 2c). The output power of 2-3 
watts may appear a little modest, however the 
resulting sound will bear full comparison with 
anything even the most troublesome of polter- 
geists can muster. 
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A true ‘universal meter’ should be able to read 
not only voltage, current and resistance — but 
also other quantities. The usual multimeter will 
only do this when used as a ‘mainframe’ in con- 
junction with ‘plug-ins’, that convert the input 
quantity into a form suitable for feeding into the 
actual meter. This circuit is for a ‘frequency 





Analogue frequency 
meter 


plug-in’ that will enable any multimeter (or volt- 
meter) to read frequencies between 10 Hz and 
10 kHz. 


To measure frequency one does not immediately 
have to ‘go digital’. The analogue approach will 
invariably prove simpler and cheaper, in particu- 
lar when the analogue readout (the multimeter) 
is already to hand. All that is needed is a plug-in 
device, a ‘translator’, that will give the meter an 
input it can ‘understand’. This design is based 
upon an integrated frequency-to-voltage con- 
verter, the Raytheon 4151. The device is actually 
described as a voltage-to-frequency converter; 
but it becomes clear from the application notes 
that there is more to it than just that. The linear- 
ity of the converter IC is about 1%, so that a 
reasonably good multimeter will enable quite ac- 
curate frequency measurements to be made. 

Because the 4151 is a little fussy about the wave- 
form and amplitude of its input signal, the input 
stage of this design is a limiter-amplifier (com- 
parator). This stage will process a signal of any 
shape, that has an amplitude of at least 50 mV, 
into a form suitable for feeding to the 4151. The 
input of this stage is protected (by diodes) 
against voltages up to 400 V p-p. The drive to the 


A few specifications: 
frequency range: 10 Hz...10 kHz 
input impedance: > 560k 
sensitivity: 50 mV p-p 
max input voltage: 400 V peak 
minimum load on output: 
5k (if 10 V out required) 








} 
. 

















multimeter is provided by a short-circuit-proof 
unity-gain amplifier. 


The circuit 

Figure 1 gives the complete circuit of the fre- 
quency plug-in, The input is safe for 400 V p-p 
AC inputs only when the DC blocking capacitor 
is suitably rated. The diodes prevent excessive 
drive voltages from reaching the input of the 
comparator ICI. The inputs of this IC are biased 
to half the supply voltage by the divider R3/R4. 
The bias current flowing in R2 will cause the out- 
put of ICI to saturate in the negative direction. 
An input signal of sufficient amplitude to over- 





Figure 1. The input frequency is passed via 
a comparator (limiter) IC1 to a frequency-to- 
voltage converter (IC2, 4151), that delivers a 
DC voltage via buffer IC3 to a normal multi- 
meter. 


Figure 2. Printed circuit board and com- 
ponent layout for the frequency ‘add-on’ 


come this offset will cause the output to change 
state, the actual switchover being speeded up by 
the positive feedback through C3. On the oppo- | 
site excursion of the input signal the comparator 








will switch back again — so that a large rec- 
tangular wave will be fed to the 4151 input. 

The 4151 will now deliver a DC output voltage 
corresponding to the frequency of the input sig- 
nal. The relationship between voltage and fre- 
quency is given by: 


Wee ee Rae Gs v/a) 
f 0.486 (Rio + Pi) 


The circuit values have been chosen to give 1 V 
per kHz, This means that a 10 volts f.s.d. will 
correspond to 10 kHz. Meters with a different 
full scale deflection, for example 6 volts, can, 
however, also be used. There are two possi- 
bi either one uses the existing scale cali- 
brations to read off frequencies to 6 kHz, or one 
sets Pl to achieve a 6 volt output (i.e. full scale 
in our example) when the frequency is 10 kHz. 
The latter choise of course implies that every 
reading will require a little mental gymnastics! 
With some meters it may be necessary to modify 
the values of P1 and/or R10; the value of R10 + 
P1 must however always be greater than 5000. 
The output is buffered by another 3130 (IC3). 
The circuit is an accurate voltage follower, so 
that low frequencies can be more easily read off 
(without loss of accuracy) by setting the multi- 








Parts list for figures 1 and 2. 


Resistors: 

Ri = 560k 

R2 = 10M 

R3, R4, R12 = 2k2 
RS, R6, RB = 10k 








R7 = 4k7 

RO = 6k8 

R10 = 5k6 

R11 = 100k 

PI 10 k preset 
Capacitors: 

C1 = 22n/400V 
C2 = 22n 

C3 = 3p3 
C4,C5 = 10n 
C6 = 1 low leakage 
C7 = 56p 
Semiconductors: 
D1, D2 = DUS 
1C1, IC3 = 3130 
1c2 = 4151 
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meter to a lower range (e.g. 1 V f.s.d.). The out- 
put is protected against short-circuiting by R12. 
To eliminate the error that would otherwise oc- 
cur due to the voltage drop in this resistor, the 
voltage follower feedback is taken from behind 
R12. To enable the full 10 volt output to be ob- 
tained in spite of the drop in R12 (that has to be 
compensated by the IC) the meter used should 
have an internal resistance of at least 5 kohm. 
This implies a nominal sensitivity of 500 ohm/ 
volt on the 10 volt range. There surely cannot be 
many meters with a sensitivity lower than that. If 
one has a separate moving coil milliameter avail- 
able, it can be fitted with a series resistor that 
makes its internal resistance up to the value re- 
quired of a voltmeter giving f.s.d. at 10 volt in- 
put. This alternative makes the frequency meter 
independent of the multimeter, so that it can be 
used to monitor the output of a generator that 
for some reason may have a dubious scale- or 
knob-calibration. 





Construction 

No trouble is to be anticipated if the circuit is 
built up using the PC board layout given in fig- 
ure 2. Bear in mind that the human body will not 
necessarily survive contact with input voltages 
that may not damage the adequately-rated input 
blocking capacitor. If one contemplates measur- 
ing the frequency of such high voltages the cir- 
cuit should be assembled in a well-insulated box! 
The power supply does not need to be regulated, 
so it can be kept very simple. A transformer 


secondary of 12 volts, a bridge rectifier and a 
470 B /25 V reservoir electrolytic will do the job 
nicely. Although a circuit that draws 25 mA is 
not too well suited to battery supply, one may 
need or wish to do this. In this case the battery 
should be bridged by a low-leakage (e.g. tanta- 
lum) 10 # /25 V capacitor to provide a low AC 
source impedance. 


Calibration 

The calibration can really only be done with an 
accurate generator. 

A 10 kHz signal is fed to the input and P1 is set 
to bring the multimeter to full scale deflection 
(e.g. 10 V). That completes the calibration — 
although it is wise to check that the circuit is 
operating correctly by using lower input fre- 
quencies and observing whether the meter read- 
ing is also (proportionately) lower. 
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Electret microphone 
preamplifier 





This compact, low-noise, battery powered pre- 
amplifier can be used to boost the signal from 
electret and low impedance dynamic micro- 
phones. 


Microphones frequently have to be connected to 
amplification and/or recording equipment via 
several metres of screened cable. Since the out- 
put of a microphone is very small (typically a 
few millivolts) there is often significant signal 
loss, and microphonic noise may also be gener- 
ated by the cable. This article describes the 
construction of a good-quality microphone with 
built-in preamplifier, using a commercial electret 
or moving coil capsule, The built-in preamplifier 
boosts the output level to several hundred milli- 
volts, which allows the signal to be fed direct to 
the ‘auxiliary’ or ‘line’ inputs of amplifiers or 
tape decks. If a mixer is being used the need for 
microphone preamps on each mixer input is dis- 
pensed with. 

Readers are probably familiar with the principle 
of the moving coil, dynamic microphone, which 
basically operates like a loudspeaker in reverse. 
A diaphragm is coupled to a cylindrical coil, 
which is suspended in the field of a powerful per- 
manent magnet. Sound pressure waves deflect 
the diaphragm, and hence the coil, which cuts 



































the magnetic flux lines and generates an output 
current and voltage that is an electrical analogue 
of the acoustic signal. 

‘The electret microphone, which has become very 
popular in recent years, operates in a similar 
manner to a capacitor microphone, but is 
cheaper and less bulky. The diaphragm of the 
microphone is made of the electret material. 
This is a thin insulating plastic film, which has 
been polarised with a permanent electric charge 
(this is usually done by heating the film and 
placing it in a strong electric field). The dia- 
phragm forms one plate of a capacitor, the other 
plate of which is a fixed metal backplate. Since 
the diaphragm is charged a potential difference 
exists between the diaphragm and the backplate, 
which is related to the charge on the diaphragm 
and the capacitance of the microphone capsule 
by the equation 


Parts list for figures 1 and 2 





Resistors: 
R1 = 2k2 
10k 
470 
4 = 6kB 
R5, R6 = 39k 
R7 = 4k7 
R8 = 8k2 
R9 = 120k 
Capacitors: 


C1, C2,C5 = 2H2/40 V 
C3, C4 = 47H /25V 


Semiconductors: 


1 BC 549C or equivalent 
T2 = BC 559C or equivalent 





Miscellaneous: 

Microphone capsule = Philips 
LBC 1055/00 or similar 

9 V battery 

S1 = SPST switch (see text) 

Plastic or aluminium tubing for 

microphone housing. 








1.5mA 





where U is voltage, Q is charge, and C is capaci- 
tance. C is related to the distance between the 
plates of the capacitor by the equation 


conn 
d 
where k is a constant. Therefore 
va @ 
k 


When sound pressure waves deflect the dia- 
phragm, the distance d varies, and since the 
charge Q is fixed the output voltage varies in 
sympathy with the deflection of the diaphragm. 
Since the microphone capsule is effectively a 
very small capacitor (only a few pF), its im- 
pedanct at audio frequencies is extremely high, 
and its output must be fed to a very high im- 
pedance buffer stage. This usually consists of a 
FET source-follower incorporated into the 
microphone capsule, which acts as an impedance 
transformer with an output impedance of a few 
hundred ohms. 


Preamplifier circuit 

The complete circuit of the microphone pre- 
amplifier is given in figure 1. If an electret 
microphone capsule is used, the built-in FET 
buffer will require a DC power supply. This will 
usually be lower than the 9 volts required by the 
rest of the circuit, so the voltage is dropped by 
R8 and decoupled by C3. The value of R8 shown 
is for the Philips LBC 1055/00 microphone cap- 
sule, and other capsules may require a different 
value. 

Resistor R1 is a load for the FET buffer. Here 
again, 2k2 is the recommended value for the Phi- 
lips electret capsule, and different values may be 
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Figure 1. Circuit of the microphone pre- 
amplifier. 


Figure 2. Printed circuit board and com- 
ponent layout for the preamplifier (EPS 
9866). 


Figure 3. If the completed microphone is fit- 
ted with an output socket then a shorting 
link can be used to replace S1. 


Photo. Completed prototype of the electret 
microphone with built-in preamp, which Is. 
housed in a piece of clear acrylic tube for 
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required for other capsules. If a moving coil 


microphone capsule is used then R1, R8andC3~ ™ 


may be omitted. 

The preamplifier itself consists of a two stage 
amplifier T1 and T2. Its input impedance is ap- 
proximately 8 k, and its gain is determined by 
the ratio R7 : R3 — about 100 with the values 
shown. The current consumption of the preamp 
is extremely low, typically 1.5 mA. 

With some microphone capsules having a higher 
output voltage, it may be necessary to reduce the 
gain of the preamp to prevent overloading. This 
is done by decreasing the value of R7. To restore 
the correct DC bias conditions it will also be 
necessary to reduce the value of R6, and this will 
result in a slight increase in current consump- 
tion. However, reducing the value of R7 does 
lower the output impedance of the preamp, 
which means that longer cables can be driven 
without attenuation of high frequency signals. 


Performance 

The output voltage of the specified electret cap- 
sule is typically 6.3 mV/Pa (‘Pa’ is Pascal; 
1 Pascal = 1N/m* = 10 bar), To put this fig- 
ure into context, the threshold of audibility 
(0 dB SPL) is taken as occurring at a sound 
pressure level of 0.0002 bar, and the threshold 
of pain, 120 dB higher at 200 bar. However, 
overloading of the electret capsule begins at 
around 104 dB SPL, so the maximum output 
voltage that can be expected in normal use is 
around 20 mV, or 2 V at the preamp output. 

‘The frequency response of the specified capsule 





Long interval timer 


| 





Plug sae. 


plus preamp combination is flat within 3 dB 
from 100 Hz to 17 kHz, which is quite good con- 
sidering the modest cost of the unit. 


Construction 

A printed circuit board and component layout 
for the microphone preamplifier are given in fig- 
ure 2. The circuit board is extremely compact, 
and the microphone capsule, board, and a small 
9 V battery can easily be fitted into a length of 
plastic pipe or aluminium tubing. The grille that 
protects the microphone capsule can be made 
from half a ‘tea-egg’ infuser, as shown in the 
photograph, or from a wire mesh coffee 
strainer. 

To make a really professional job the output of 
the preamp can be taken via a Cannon XLR or 
locking DIN connector socket mounted in the 
base of the housing. It is then possible to dis- 
pense with the on-off switch by making a short- 
ing link in the connector plug, as shown in fig- 
ure 3. When the microphone is unplugged after 
use the preamp is automatically switched off. 











The drawback of most analogue timers (mono- 
stable circuits) is that, in order to obtain reason- 
ably long intervals, the RC time constant must 
be correspondingly large. This invariably means 
resistor values in excess of 1 MQ, which can 
give timing errors due to stray leakage resistance 
in the circuit, or large electrolytic capacitors, 
which again can introduce timing errors due to 
their leakage resistance. 

The circuit given here achieves timing intervals 
up to 100 times longer than those obtainable 
with standard circuits. It does this by reducing 
the charging current of the capacitor by a factor 
of 100, thus increasing the charging time, with- 


out the need for high value charging resistors, 
The circuit operates as follows: when the start/ 
reset button is pressed Cl is discharged and the 
output of IC1, which is connected as a voltage, 
follower, is at zero volts. The inverting input of 
comparator IC2 is at a lower potential than the 
non-inverting input, so the output of IC2 goes 
high. 

The voltage across R4 is approximately 120 mV, 
so Cl charges through R2 at a current of around 
120 nA, which is 100 times lower than could be 
achieved if R2 were connected direct to positive 
supply. 

Of course, if C1 were charged from a constant 





120 mV it would quickly reach this voltage and 
would cease to charge. However, the bottom end 
of R4is returned to the output of ICI, and as the 
voltage across C1 rises so does the output volt- 
age and hence the charging voltage applied to 
R2. 

When the output voltage has risen to about 7.5 
volts it will exceed the voltage set on the non- 
inverting input of IC2 by R6 and R7, and the 
output of IC2 will go low. A small amount of 
positive feedback provided by R8 prevents any 
noise present on the output of ICI from being 
amplified by IC2 as it passes through the trigger 
point, as this could otherwise give rise to spuri- 














Temperature-to-voltage 
converter 


‘ous output pulses. 
The timing interval is given by the equation: 
T=R2C, (1 + Rs cs Ry ina oe ) 
Re Ro Ro 
This may seem a little complicated, but with the 
component values given the interval is 100 « Cl, 
where C1 is in microfarads, e.g. if Clis 1¥ the 
interval is 100 seconds. It is evident from the 
equation that the timing interval can be varied 
linearly by replacing R2 with a 1 M potentio- 
meter, or logarithmically by replacing R6 and R7 
with, say, a 10k potentiometer. 





12V 


"see text 





This circuit provides a simple means of construc- 
ting an electronic thermometer that will operate 
over the range 0 to 24°C (32 to 75°F). The circuit 
produces an output of approximately 500 
mV/°C, which can be read off on a voltmeter 
suitably calibrated in degrees. 

In order that the circuit should be kept simple 
the temperature sensing element is a negative 
temperature coefficient thermistor (NTC). This 
has the advantage that the temperature coef- 
ficient of resistance is fairly large, but unfortu- 
nately it has the disadvantage that the tempera- 
ture coefficient is not constant and the tempera- 
ture-voltage output of the circuit is thus non- 
linear. However, over the range 0 to 24°C the 
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linearity is sufficiently good for a simple thermo- 
meter. 

Op-amp ICI is connected as a differential ampli- 
fier whose inputs are fed from a bridge circuit 
consisting of R1 to R4. R1, R2, R3 and Pi form 
the fixed arms of the bridge, while R4 forms the 
variable arm. The voltage at the junction of R1 
and R2 is about 3.4 volts. With the NTC at 0°C 
P1 is adjusted so that the output from the op- 
amp is zero, when the voltage at the junction of 
R3 and R4 will also be 3.4 V. With increasing 
temperature the resistance of the NTC decreases 
and the voltage across it falls, so the output of 


the op-amp increases. If the output is not exactly 
0.5 V/°C then the values of R8 and R9 may be 
increased or decreased accordingly, but they 
should both be the same value. 

The IC can be a general purpose op-amp such as 
a 741, 3130 or 3140. The compensation capacitor 
C2 is not required if a 741 is used since this IC is 
internally compensated. Almost any 10 k NTC 
thermistor may be used for R4, but the smaller 
types will obviously give a faster response since 
they have a lower thermal inertia. 5 k or 15 k 
types could also be used, but the values of P1 
and R3 would have to be altered in proportion. 
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This circuit is intended primarily to produce a 
stable reference voltage in battery operated 
equipment designed for minimum current con- 
sumption. Despite the fact that only 1 mA flows 
through the zener the output voltage showed a 
fluctuation of less than 1 mV for supply voltage 
variations of 10 to 30 volts. 
The reference voltage from the zener is applied 
to the non-inverting input of a 741 op-amp, and 
the output voltage is the zener voltage multiplied 
by the op-amp gain i.e. 

Ra + R3 

R3 

This approach has two advantages. Firstly, alow 
temperature coefficient zener (5.6 V) can be used 
to provide any desired reference voltage simply 
by altering the op-amp gain. Secondly, since no 
significant current is ‘robbed’ from the zener by 
the op-amp input, the zener need only be fed by 
a small current. So that the resistance of the 
zener does not affect the output voltage the 
zener current must be fairly constant. This is 
achieved by feeding the zener via R1 from the 
output of the op-amp. The zener current is 
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Vo = Vzx 


Super zener 
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Vo — Vz 
Ry 


so R1 should be chosen to give a zener current of 
about 1 mA. The reference voltage obtained 
from the op-amp output can supply currents of 
upto 15 mA. 

One point to note when using this circuit is that 
the supply voltage must be at least 2 V greater 
than the output voltage of the circuit. 





Simple transistor tester 





This simple circuit checks the functioning and 
measures the current gain (hpE) of PNP or NPN 
bipolar transistors. It operates by feeding a 





known constant current into the base of the 
transistor and measuring the collector current. 
Since the collector current of a non-saturated 
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transistor is hrg times the base current (which is 
known) it is a simple matter to calculate the 
value of hpp, and in fact the meter which 
measures the collector current can be calibrated 
directly in hep. 

Since both PNP and NPN transistors must be 
tested, two constant current sources are re- 
quired, to provide a negative base current for 
PNP transistors and a positive base current for 
NPN transistors. The voltage dropped across the 
LED causes a constant current to flow through 
the emitter resistor of the TUP and a corre- 
sponding constant collector current, which flows 
into the base of the NPN transistor under test. 
This current can be set to 10 # A by connecting a 
50 HA meter between points B and E and adjust- 
ing Pl. 

The lower LED and TUN constitute the negative 
current source. Here again, this may be set to 
10 HA by connecting a microammeter between 
the lower points B and E, and adjusting P2. 
When a transistor is plugged into the appropri- 
ate socket a current of 10 # A will thus flow into 
the base and a current of hp times this will flow 
through the milliammeter. The full-scale deflec- 
tion of the milliammeter depends on the maxi- 
mum hpg to be measured. Since the collector 
current is hpg times the base current (which is 
.01 mA) a reading of 1 mA corresponds to an 
hg of 100, so if a 5 mA meter is to hand it can 
be calibrated in hyp values from 0 to 500, which 





It is not generally appreciated that, if Nickel- 
Cadmium batteries are subjected to prolonged 
overcharging from chargers of the constant cur- 
rent type, their life may be considerably reduced. 
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should be adequate for most run-of-the-mill 
transistors. However, for testing ‘C’ versions of 
small-signal transistors, which can have gains up 
to 800, a 10 mA meter calibrated 0 to 1000 could 
be used, or lower f. meter shunted to read 
8 mA and calibrated 0 to 800, 

Readers may have noticed that it is actually the 
emitter current of the PNP transistor that is 
measured, which is of course 1 + hpg times the 
base current. However, since few transistors 
have gains less than 50 the worst error intro- 
duced by this is less than 2%, which is probably 
Jess than the error of the milliammeter. 





Automatic NiCad charger 


The charger described here overcomes this prob- 
lem by charging at a constant current but switch- 
ing off the charger when the terminal voltage of 
the battery rises, which indicates a fully-charged 
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condition. The basic circuit described is intended 
to charge a single 500 mAh ‘AA’ cell at the rec- 
ommended charge rate of around 50 mA, but it 
can easily be extended at little cost to charge 
more than one cell, 

Power for the circuit is provided by a trans- 
former, bridge rectifier and 5 V IC regulator. 
The cell is charged by a constant current source 
TI which is controlled by a voltage comparator 
based on a TTL Schmitt trigger N1. While the 
cell is charging the terminal voltage remains at 
around 1.25 V, which is below the positive trig- 
ger threshold of N1. The output of N1 is thus 
high, the output of N2 is low and TI receives a 
base bias voltage from the potential divider 
R4/RS. While the cell is being charged D1 is lit. 
When the cell approaches the fully-charged state 
the terminal voltage rises to about 1.45 V, the 
positive trigger threshold of N1 is exceeded and 
the output of N2 goes high, turning off T1. The 
cell ceases to charge and D1 is extinguished. 

As the positive trigger threshold of N1 is about 


1.7 Vand is subject to a certain tolerance, R3 
and P1 are included to adjust it to 1.45 V. The 
negative trigger threshold of the Schmitt trigger 
is about 0.9 V, which is below the terminal volt- 
age of even a fully-discharged cell, so connecting 
a discharged cell in circuit will not cause charg- 
ing to begin automatically. For this reason a 
start button SI is included which, when pressed, 
takes the input of N1 low. 

To charge a number of cells the portion of the 
circuit enclosed in the dotted box must be dupli- 
cated. This has the advantage that, unlike 
chargers in which cells are connected in series, 
cells in any state of discharge may be placed on 
the charger and each will be individually charged 
to the correct level. The disadvantage is that bat- 
teries of cells cannot be charged. However, up to 
ten AA cells may be charged if the circuit is 
duplicated the appropriate number of times. 


H. Knote 





Car lights failure 
indicator 








It is often the case that the first a motorist knows 
of a failure in one of his car lights is when his 
attention is drawn to the fact by a policeman. 
The circuit described here, which consists solely 
of a single reed-relay, one LED and one resistor, 





should provide a more economical warning 
system. 


A LED is mounted in a suitable spot on the 
dashboard, and is extinguished as soon the lamp 


87 





Lamp current ase + 


concerned ceases working. It is of course poss- 
ible to use several such circuits to monitor differ- 
ent lamps or groups of lamps. 

The circuit (figure 1) works by feeding the sup- 
ply current to a lamp or group of lamps through 
the operating coil of a reed-relay. If a particular 
lamp fails, the current falls, causing the relay to 
drop out and the LED to turn off. The number 
of turns in the operating coil should be large 
enough to pull in the relay at the normal oper- 
ating current of the lamp, yet small enough to 
cause the relay to drop out in the event of lamp 
failure. 

Generally speaking, a relay requires from 30 to 
100 AT (ampere turns = current x no. of turns), 
Thus, in view of the relatively high currents 
drawn by car lamps, in this particular applica 
tion the operating coil need consist of only a few 
turns. For example, the two headlamps draw a 
current of approx. 7.5 A (at 12 V). A reed-relay 
rated at 50 AT would therefore require only 7 
turns to monitor the current of both headlamps. 
Tf one of the lamps fails, then the current 
through the operating coil falls to about half, 
causing the relay to drop out and the LED on the 
dashboard to be extinguished. The circuit shown 
in figure 2 is an alternative version which makes 





Lamp current 


90562 


the LED light up when a lamp needs replacing. 
This provides a more prominent warning — par- 
ticularly in the dark. However the circuit in fig- 
ure 1 is failsafe; even electronic circuitry does 
not have a limitless life... 

To ensure that the warning system operates satis- 
factorily, it is recommended that a separate reed- 
relay is used to monitor lamps of differing watt- 
age, i.e. a different relay for the rear lights, 
brake lights, headlamps etc. It is also possible to 
use a single relay to monitor both right and left 
turning indicators by using a double winding 
round the coil. However, it is not advised to use 
one relay to montitor a circuit or combination of 
circuits in which more than two lamps can be 
‘on’ simultaneously. 

If the circuit of figure 2 is used then the supply to 
the LED should be taken from the switched side 
of the lamp supply. This ensures that when the 
relay drops out due to the lamp being switched 
off the LED does not light, since its supply is 
also disconnected. 

It is important to note that the gauge of wire 
used to wind the relay coil should be at least as 
heavy as that used in the original car wiring, to 
minimise the voltage drop across the coil and 
possible overheating, 








Two-TUN voltage doubler 





This little circuit will produce a DC output that 
is almost twice the supply voltage. A square- 
wave input is required of sufficient level to turn 
T1 fully on and off. When T1 is conducting, C2 
is charged to just under the supply voltage. 
When TI is cut off, T2 starts to conduct and 
raises the voltage at the negative end of C2 to 
just under the positive supply ‘evel. This implies 
that the voltage at the positive end of C2is raised 
to almost twice the supply voltage, so that C3 
will ultimately charge to this level. 
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The circuit is remarkably efficient: the current 
drawn from the main supply is only marginally 
greater than twice the output current. In the 
example shown here, the efficiency is approxi- 
mately 90%. 


The value for R1 depends on the amplitude of 
the square-wave input: TI will require a base 
current of 0.5...1mA. 


RCA application note 
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This voltage doubler can be used in 
have only a 5 V supply rail, where a higher volt- 
age is required at a low current. 

Figure 1a shows the basic circuit, which uses 
three of the gates in a 7437 quad two-input 
NAND buffer IC. N1 and N2 are connected as a 
20 kHz astable multivibrator, and the output of 
N2 drives N3, which acts as a buffer between the 
astable and the doubler circuit. When the output 
of N3 is low Cl charges through D1 and N3 to 
about +4.4 V. When the output of N3 goes high 
the voltage on the positive end of Cl is about 
9 V, so Cl discharges through D2 into C2. If no 
current is drawn from C2 it will eventually 
charge to about +8.5 V. However, if any signifi- 
cant current is drawn the output voltage will 
quickly fall, as shown in figure 1b. 
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Much better regulation of the output voltage, as 
shown in figure 2a, can be obtained by using the 
push-pull circuit of figure 2b. This is driven 
from an identical astable to that in figure 1b. 
While the output of N1 is low and Cl is charg- 
ing, the output of N2is high and C2 is discharg- 
ing into C3, and vice versa. Since C3 is being 
continually charged the regulation of the output 
voltage is much improved. 
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78} Stereo noise filter 





The signal-to-noise ratio of an FM broadcast re- 
ceived in stereo is considerably worse than that 
of the same broadcast received in mono. This is 
most noticeable on weak transmissions, when 
switching over from stereo to mono will con- 
siderably reduce the noise level. This noise re- 
duction occurs because the left-channel noise is 
largely in anti-phase to the right-channel noise, 
Switching to mono sums the two channels and 
the antiphase noise signals cancel. 

By summing only the high-frequency com- 
ponents of the signal it is possible to eliminate 
the annoying high-frequency noise without de- 
stroying the stereo image since channel separ- 
ation is still maintained at middle and low fre- 
quencies, 

Each channel of the circuit consists of a pair of 
emitter followers in cascade, with highpass fil- 
ters comprising R3 to R7 and C3 to CS that al- 
low crosstalk to occur between the two channels 
above about 8 kHz when switch SI is closed. 
When SI is open the two channels are isolated, 
but resistors R9 to R11 maintain a DC level on 
C3 to C5 so that switching clicks do not occur 
when S1 is closed. 

‘The stereo-mono crossover frequency can be in- 
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creased by lowering the values of C3 to C5 or de- 
creased by raising them. 
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Signal powered dynamic 
compressor 





‘This dynamic range compressor will provide ap- 
proximately 20 dB of compression over the input 
voltage range 100 mV to 10 V. An unusual fea- 
ture of the circuit is that it requires no power 
supply, the control voltage for the voltage- 
controlled attenuator being derived from the in- 
put signal. 

A portion of the input signal is rectified by D1 
and D2 and used to charge capacitors Cl and 
(C2. These provide a control voltage to the diode 
attenuator comprising R3, R5, R6, D3 and D4. 
The diodes operate on the non-linear portion of 
their forward conduction curve. At low input 
signal levels the output signal appears with little 
attenuation. As the signal level increases so does 
the rectified voltage on C1 and C2. The control 
current through the diodes increases and their 
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dynamic resistance decreases, thus attenuating 
the output signal. 

The attack time of the compressor is fixed and 
depends on the time constant consisting of Cl or 
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C2, R2 and the output impedance of the circuit 
feeding the compressor, which should be as low 
as possible. The decay time of the compressor 
can be varied to a small extent by P1. The input 
impedance of the circuit that the compressor 
output feeds should be as high as possible. 

The circuit works best with germanium diodes, 
since these have a low forward voltage threshold 
and a much smoother and more extended ‘knee’ 
than silicon types. The accompanying graph 
shows the response of the compressor using both 
silicon and germanium diodes, and it is obvious 
which are better! 








7S Sawtooth-CCO 





‘This sawtooth waveform generator which is built 
round a current controlled oscillator is dis- 
tinguished by its large sweep range. It is suitable 
for use in electronic music applications, and the 
narrow output pulse also enables the circuit to be 
used as a pulse-CCO for sample/hold circuits. 
The circuit consists of a controllable current 
source (T1, T2), a trigger (N1, N2) and a switch 
(73). As soon as the circuit is switched on ca- 
pacitor Cl is charged by the current source. 
When the voltage across Cl reaches the thres- 
hold value of N1, T3 is turned on via N} and N2, 
and C1 is discharged, after which the whole cycle 
repeats itself. The sawtooth output signal which 
is buffered by FET T4 has a peak-to-peak value 
of approx. 1.3 V. 

With the component values shown in the dia- 
gram, the frequency can be adjusted from ap- 








prox. 5 to 500 kHz (with P1). Although a higher 
output frequency is possible, there is a corre- 
sponding deterioration in the waveform. With 
Cl = 5n6 and RI = 1 k, the frequency range 
runs from 0.5...500 kHz. 

In place of NANDs inverters may be used. 
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Knotted handkerchief 





Since the advent of paper handkerchiefs, that 
time-honoured method of jogging a forgetful 
memory, namely tying a knot in one’s hanky, 
has been faced with practical difficulties. The 
circuit described here offers a modern answer to 
this old problem, i.e. an electronic ‘knot’ in the 
shape of an audible alarm signal which can be set 
to sound after an interval of up to 60 minutes. 

The circuit is built round the CMOS IC CD 
4060, which consists of a pulse generator and a 


counter. When switch S1 is closed a reset pulse is 
fed to the IC via C2. At the same time the inter- 
nal oscillator begins feeding pulses to the coun- 
ter. After 2!3 pulses the counter output (Q14) 
will go high, switching on the oscillator round 
Tl and T2. The result is a piercing 3 kHz signal 
which is made audible via an 8 ohm miniature 
loudspeaker or earpiece insert. The circuit is 
switched off by opening S1. 

With the values given for R2 and Cl, the ‘knot’ 
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"see text 





will sound approx. 1 hour after the circuit has 
been switched on. By replacing R2 with a 1 M 
variable potentiometer, the alarm interval can be 
varied between 5 minutes and 2% hours, and the 


potentiometer suitably calibrated. 















‘The circuit consumes very little current (0.2 mA 
whilst the counter is running and 35 mA during 
the alarm signal) so that a 9 V battery would be 
assured of along life. 


Digital capacitance 
meter with 555 timer 





Anyone possessing a frequency counter with a 
facility for period measurement can build this 
simple add-on unit to measure capacitance di- 
rect. 

In the circuit shown the 555 is connected as an 
astable multivibrator, the period of which is 
given by T = 0.7(Rq + 2Rp)Cx. If the un- 
known capacitor is connected in the Cx position 
then, since Ra and Rp are fixed, the period is 
proportional to Cx, the unknown capacitor. The 
period of the multivibrator can be measured by 
the period meter and, if Ra and Rp are suitably 
chosen, this reading can be made to equal the ca- 
pacitance in picofarads, nanofarads or micro- 
farads. As an example, suppose the period meter 
has a maximum reading of one second and this is 
to be the reading for a capacitance of 14 F. 
Then the total value of Ra + 2Rp should be 
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143M. 

A slight problem exists when measuring electro- 
lytic capacitors around the 1H F value. As 
shown above, for a reading of one second the re- 
sistance required is fairly high and errors may 
occur due to the capacitor leakage resistance. In 

















this case it is probably better to opt for a reading 
of 1 second = 10004 F, since the resistance 
values can be 1000 times smaller. If a seven 
decade counter is used that gives a reading of 
1,000000 for one second = 1000 HF, then 14 F 
will give a reading of 0.001000, which is still bet- 
ter than the accuracy of the circuit. 

Some suitable values for Ra and Rp are given in 
the table. 1% metal oxide resistors should be 
used for these to give a reasonable accuracy. 
Other values can be calculated to suit personal 
taste and the counter used. 

When using the circuit the wiring capacitance of 
any jigs and fixtures used to hold the capacitor 
should be taken into account and subtracted 





from the reading. For this reason, such jigs 
should be of rigid mechanical cor-struction so 
that the capacitance does not vary. For example, 
in the prototype it was found that the circuit was 
reading consistently 36 pF high due to wiring ca- 
pacitance. This was therefore noted on the test 
jig so that it could be subtracted from all read- 
ings. Of course, when testing large value capaci- 
tors this small error is not significant. 





Ra Rp ey ic 
1k 2209 10004 F Is 
1M 220k 1 HF (non-electrolytic) 1s 

J. Borgman 
Tremolo 





Tremolo is one of the most popular effects used 
in electronic music. The tremolo effect is prod- 
uced by amplitude modulating the music signal 
with a low-frequency signal of between 1 Hz and 
10 Hz. The effect gives warmth and richness to 
the otherwise ‘flat’ sound of instruments such as 
electronic organs. The most pleasing effect is 
produced when the modulation waveform is 
sinusoidal. The music signal is buffered by 
emitterfollower T1 and is then fed into op-amp 
ICI, whose gain can be varied by means of P1. 
The output of ICI is fed to the diode modulator 


D1/D2, the output of which is buffered by a sec- 
ond emitter follower T2. The sinusoidal signal is 
generated by an oscillator built around 1C2, 
whose frequency can be varied between 1 Hz and 
10 Hz by P2. The output level, and hence the 
modulation depth, can be varied by P3. Switch 
Sl, when closed, disables the oscillator, which 
allows the music signal to pass unmodulated. 
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Table 6. Various eaulvalents tor the BC107, 
108, ...familes, The data ere those given by 
the Pro-Electron standard; individual man 
facturers will somatimes give better speci. 
‘emions for their own products 














































































































wen | pnp | case | Remarks 
ec 107 | ac 177 
jc 108 | 8c 178 |) 
ec 109 | ac 179 | 
ec 147 | acis7 ao 
jac ra | ac isa | +] | "280 mw 
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